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^'^■'^^^ii^'>^i-^-B yv-r-, lh^r:^ii^ .j:;.,^ p.:rl'^f^, t^^^>vM y - nry^ con,.^^ n^/ cs u-^;- fiu^:r^ held 

^.r^.rl^-1or-: -..gnificr:nt a^-j-iof "a t 1.. ::h3.^^ r.au jr-^rb ha& oe^x the lricroas..d pro-- 
fe 's;;.cnaJ. che^icjl ^duc'.i?: ^.n/i con r")Tii:i onn ff.om L\w. two-year anl th«-^r 

Conimenclng wltn this voInTC £S a ref^popse to the growth in the confer-antas 
'^ad c^»it trlbutlona mantinned /^bove, th^ CQionvLcee: on ChemiBtr,' In the Two-Yigar 
.:io:iJegg^ wU,j piitl:ljf. Lvc volnr'e? a y-.&r of papairs contributed fron the TVo-^Year 
Coilng^. C'henisfcty Cor. te^^rr-^r^ an n orliar moorcH^. Th^ papers a,^e made avatlable 
HF nil- of the eervicBf^ r^l: M->^slon :tTtir^-^iMal Hdrcation to tha chemical ^daca-^ 
-::lon Lvj?n\xT\:l\j rrimnrlly i;o ^ha: portion l wW\ the tTO^-year C!3lI^g€B, 

->^B^5hl'^ only >^ecnuffle of -ba .ri r^: ch- n^erber.^^ uf ^he 3 971 Ccm^ilt::e.3 ou Chemistry 

cn^ T-^^'c-rcar Col^.^gus txztn^'^ the ch -x''2t LCkU thf^ir pL^i-Siuas.iore. These 
: ;nl: ribiitlorts b::en mgniflf^d b> Siiiav»cial support; from the Mvision of ChefMlcal 

/iduianinn for the A^rc y±-^ y^nii' jiu( by the J 9/1 industrial-coMiarcial collaga 

i^a-c vJi vaj.ue r^^^exv^u i roi^ uhc I:/C^ p'nogLUmo derived from the 

efforts □£ boer inBtltutlDiis and thel.:' staff©, Foijr-year institutions as well as 
two^y&^r coll^iges havi inv^ited us to ude their facilities, frftquantlv at their 
Incntivenience and at ^^me cost, V.^^ ar? deeply indebted to tha following host 
institutions which hava not be^ii meTitioned In pravlrus 2YC^ PrcceedinBS, 

Bronx Gommunity College, York City, New York 

Full:artoa Junior Gollfiga. rullertoi&^, CaliforTila 

Oral Roberta Utiiversity, TutBa^ Oklahoma 

Ohio State unlvariilcys Caiaadjue^ Ohio 

Wlbur Wright Callega^ Chicago^ Illinois 

Dilgado CoHegej Nr«F Orleans, Louisiana 

Catonsvllla CoM^^lty CoXlcgCp CatonaylllSj MarylMd 

Los Angeles Trade-Technleal CDllega, Los togales^ Callforala 

We are fortunate to hmvB Mr. Ktmeth Aapmmk as our editor and wish to 
acknoiwledge his work In tha prepaTmfloii of this voItjm, As ehalrsum al the Two-* 
Yaar College Gitmlstry Conferences mi ti^m COTmlttea on Oiraistr^ la tha 1Wo*-tear 
Collages j I wish to thank all of those hava participated in the oonferTOces 
and on the coaa&lttee for their coBtrlbtitiona during ttls last decade. 

We look forsirard to an twn gratitei: aaeoad decads md Invite all thosa 
cottceTOed with cheffilcal educatiatt In Ab. tw^o^^aar colleg€fi to join %m In this 
axcitingj atiffiulating^ intarestlngj and educatlofial vmttire« 

WIIIIm I* Moonay, J*. 
0halnra 

Cca^ttaa on C3i^i^at^ In 
College 
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■ ^-^ ■ Ch ^ Conf ar^^s^scf; h,aVB cl .^o been 

ron%^aLx\^h'' ary^- oa^en devfcl:)ped to follow uhe forniai: 
^^a Ci^ai..L.v.t " uhe -^i^.l leri^vicv/s b^ii)^ cQv^r^a. At times^ this procadure pro- 
r-^-' > \ n,'at:^-^r3 cb V'H^ le^,-^ eomplf^' ^ t h^n cI^Bired and dis ccu^^aged publishing of 
t ;-^r .0 ana \: jii l/ ni .fi.ula:L tha^WE^ cJ gr^iat current Interest to two-year college 
> hsriirjry te^chcvs. iMtb tha oxteasi.m of cue cDnlarences to four meetings per 
y^ciY, he V 4unr of in£ovm&tton .^or tne ^^FronRedings*' Increaaed to the point that 
cc^nsii.c/rable i^xpansi to wa^ cequlr^^ Af Dverly savera editting was Co be avoided. 
In Ba£iG tn^ £d..ta/'j b trdens, an Lr:i_t:-r is t^qu being appoiiitad for each 2YC3 
meptlng jo tnat he cin take nhari^ t.^* collactltig papers and information for hia 
rirt:^culair iiBnting^ 'rhu fiTst v^.th specific k^spons ibaities for this 

ic.-ra J^.y Bardale^^ Viiicann^fS Univeratty JuLilor JuMege (Chicago, 1370), and 
Vi::iia:n GriftirH, Hinds Junior CDinege (Nex^ Orleans, 1970).. and C.G, Vin^^sis 

wlnn nh^ I^dltcr's w/t f:rnm WaBbi.ngton, B.C. to Berkeley/ Cs] if oroia, 
Cne be::; of office f.'les w&s loBZ ir tha pialls, atH yes^ it contained a woiidarfyl 
set of papers prt^Herted ac tvv: 2fC3 inaet' "e. 

Viius, W2 decidad to proceed with ild^as that bad bean dlf cuased to publish 
a ''Proceedings'- twice par year and crganize it morf; aloiig topical l.inas. Although 

"Bush jnt/' thiE yoJ^jne of - Clmmistiry in the two^Yaar College'* Is the firat 
publication with the ne^- format , Hereafter 5 you QL\n aKpect a voluaa to become 
available about every six months, 

Complating -this voli^a deperided vmty heavily upon tha grand cooperation ot 
chairmen and Conference Idxtor^ for the 2YC3 weetings thst are represented heia by 
papers and articles. For preparation of the cc?py^ our appreclBClOTi the staff 
members of the Lawrence Hall of Science carinot be suf f Iciently Mpr^saed, On 
nhort notice, they worksd Icng hotirs^ through weekends, and got the job doae. 
Lastly^ my thanks to the key parson for prodiicirrj this vol\mm^ Sandra Manderson^ 
who came through grandly under an unbelievably hea^ work load. 
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James Hall 

Af(,er readiijiT, Che rtu^aroB from qusBtlonnaireo we mailed this spring to 13A0 
JuiiiDr collLige and libarax arLU college chemistry teachers (some of yua iiiay have 
received the questionnaira) , I am convinced that there is a great variety of chemistry 
courses taught throughout the U, Naturally, there is some corimion ground in qll 

these, courses, nnd tlia variety may indicate oniy the inherant individuality of tsachera 
and the differences in student ne?eds. The variety of covjr^jes causes some to say that 
Che state of chemical education in the U. S. today is chaotic* I do not agree with 
thiSj but I do recognize that there Is a tremendous effort by teachers today to make 
their courses meet the needs of today Btudents, If the results are not too dif- 
ferent from course to course then pBrhaps the variety of courses and curricula sup^ 
ports my contention that it is not as important: what you teach, but how. 

You may like to know some of the results from the questionnaire. The results 
ihtw thcqt tnany .^tudants enrolled In terminal general chemistry courses In junior 
colleges and ilberal arts colleges are interested in elementary and secondary school 

such as nursing, agriculture 5 home economics psychology and sociology ranked lower 
ar^ fNtudent ^oo.ls. About ti^c thirds of: the teachers responding to our questionnaire 
said that chuy emphasize traditional topics found in standard general chemietry 
texts* HQS', of them further said that they supplement the traditional topics with 
applications. Such applications include chemistry of human physiology^ agrlculturep 
medicine 5 drugs, air and water pollution^ the effect of chemicals on ecological 
^ysiiemsj hiBtory ol chemistry , molecular biology ^ and foods and food processing. 

We asked the questions "Would you like to have Included in the textj or eup- 
plexnentary reading material^ discussions of how chemistry applies to our everyday 
living?" Of those responding ^ 311 replied "yes" and 17 "no'*. 

Our respondents also indicate that if programmed materials ^ study guides 
and a teacher's manual were provided ^ they would use such material. This is encour^ 
aging because we did provide these materials for the Chemical Principles Teaching 
Syscem, published by Benjamin last spring for freshman chemistry students. 

Two thirds of the teachers responding said that they use audio or audio-vlstial 
material In their chemistry courseji. About 80% of the respondents would use audio^ 
tutorial tapes on major chemical topics if such tapes were provided to supplement a 
text ♦ 

Information of this sort is Important to a publisher that is interested in 
helping to develop material to meat the need of chemistry teachers and their students* 

But what is the reaponsibility of a publisher in thi matter of cooparatlve 
science curriculum development? It might be argued that the only reiponslbillty of 
a publisher is to publish material as it li presented to him. However^ In this day 
of swiftly changing curriculai I believe that teachers and publishers should 
cooperate more than in the past so that suitable material is provided as rapidly 
as possible. I bellsve further that publishers have an obligation to take their 
fair share of leadership responsibility in a search that should have maximum 



coupe ^^motig m\ti\Oi:t>, t:tj^ cLiiu;^^ , aaJ ^>u!>,U-.-u^:.i. - mJu^l i:'.^..L.-h w.^^ol wayj ..u 

make science t^duca' ion relrvant: to humaii uecchj. a nCcp Lr- the riglu. dlractiDU^ 

W. A. Beiijamiri, Inc., developed a nhemv-cal Prlnclpxes Teaching System at tx writing 
, numnicr of 11^69 Kfi/^^arrn-m ^ ■ iaesachtiBeuts on Mari.aa'B Vuiuya/Up 

Ferhapo it wuJd be helpful to deHcrlbe briefly the Imporfiant: i:oatures of the com- 
poneDi:^ thlff svf^rfnn, how the comporinuts may be used effectively, and hen-? the 
int:egrated systeiu waQ developed, Th::^s may serve fo guide otl^er projectru 

Chetni€:al Principles by Richard Dickerson, Harry B* Gra} ^ pnd Gilbert l\ 
HaightT J^^^is the core text. Tne text is carefully coordinated to ity bup- 
plemGntal aids, yet it can be used independently as a text for chemistry majors 
and nonscience roaj rrg . The prerequisite is a high school chemistry eourse, but 
this is not essential* 

Prograpied Reyle^s of Chemical Fr lnci£ le_3 by Jean Lassila, Gordon H. Barrow^ 
Malcolm Kenn^ys Robarr L. Litie, and Warren Thanpson is written for students 
whose prepare tipti ib inadequ-^:e- This prograined probieinB book Is linked directly 
to ^aemical Prir.cipies by cross references to the pertinent sect ion in Lasslla rnd 
easily identified by the standard head ^'Befora You Go On.'' Thus, at aaveral points 
4p c^nph nhnntor or the text the InadoqMatel:^^ i^^epared seudent: is branched out of the 
text into a prograBied review of the important L^uncapts, uurug ac Ltie o^gxiUi...*^ 

of each review or section of Lassila^s book, re are referanees to the relevant 
section or chapter in Chami cal Principles, dIul orief diiiccssiou of the importance 
of t topics to the students* knowledge. 

Relevant Problem s for Chemical Principles by fcGill University chemists, Ian 
1 T^rr^,,.. t? r"^^^,..^,^^ p^-Vji fi^^ ^^Intinn^'i fhat will challenge 

above-average students. There are -approKlmatGly 25 problems witn detailed aolutions 
and answers for topics in each chapter of Chamical Princi^lea, The muitlple-^choice 
format for the answers is used in an ingenious way; the authors often deliberately 
construct incorrect answers that correspond to coimon errors that a student might 
make- The authors then discuss "what went wrong" in the student's calculation as part 
of the solution for that problem. In addition to the problams, there are several 
examinations, also of the multiple-^choica type, so that the student can te^t his awn 
rogress* 

A Study Guide to Chemical Principles by W.^ibert Hutton will help students under- 
stand topics in Chamical Princlplas^ The study guide is practically a text In itself. 
It gives additional background, when necessary, for the most Important topics In each 
chapter of Chemical Principles , It explains difficult points in greatar detail (and 
In simpler terms), suppiies additional worked-out examples and problems, and gives 
useful hints for problem solving and mastering concepts. 

The study guide also includes an Introductory chapter that provides a review 
of relevant mathematics. Included In this chapter are discussions of significant 
figures, logarithms, and the aolutions of simultaneous equations and equations of 
higher order by successive approximation. There la also a sactlon on the use of 
slide rules p A short sactlon on the most Important phases of problem solving— how 
to set up the problem—is Included, It will help to answer the student's lament i 
"I understand the chamlstry, but I just can't do the problems," The stepwise logieal 
method, f actor-^label method (dimensional analysis), and unit conversions (such as 
English-metric equivalents) are also part of this Introductory chapter. 

10 
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'■'.I: '^:A±Slr.l:. -i^^^ ^a.. ii, vA i^cIt .... > i/k nnii. uKi^.erj.ni ciio L:i;..i-,i' chapters 

o' -:]^a ^:?.ncL, -rlU. In. made avn a {.rtcn-, n/ lih^ /^rldi tlonal 1, ur.U' I ?:iooT!m appropriate- 
S..[ict-: KLUti^nts n^^'^o mns..: uclp^ at t:he ina.!.n<\ . 0 " Liie i.r ^.^hmh.!. :"^r . uursn, it niay not 

with the aur ior ; uf Ch^jijca 1 PrinfliljRle^^^ J^^- :nld to tha teachers using Chemtcal 
i^;- fnciplos Xeachlno Syntern* 

holecular Benjatnin/Marur^^n art exce.u.euu, !nGHpensj-H^ i modeJ.a Lha^' 

^.f-! "H^ln ntndcintB undnr^^tav^d mnl2cii.Lr.r utructurG. 

Tli^s teaching aystetii has bt^en desli^ned carefully to aupport several types of 
ccM .SGB. For classes of vell-^prepared studentd^ the first six chapters of Cjiemi^al 
PrjricipXag may be a review^ and the college couraa could begin with Chapter 77 This 
would allow a teachfei; to supplGrneut the text with more advanced material later in 
the courfH^ 



Socia]. scienc^^ and engine^^riri, , Ktrdents, who may or mpy not have had a high 

ill! \'2v±^\uj ji' .^iiii)OL c^UL prxncip-L^J^:^ . i^or tiu.s group vjh racommnd n combiiuition of 
=lia tQKZ. zho Study guides and the programed reviews* 

For the fnll-VRc- Course for v^BTrndtcal students and science nif^jorGj 'lio need 
th , ddditionai challenge of mere sophist icatad problenis , v;e recommend a combination 
of the LeKts the Butlers-Grosser probleins book, and rhe mciecular modelB. 

During the J Ob9 sutraner Benjamin Writing Center, che publisher "S staff worked 
h five resident authors ^ a Bpecial consultant^ and five students to write, review^ 
avtd produce :he integrated package. 

Anotiier effort that wa are going to make is to give continuing service to the 
teachers who adopt the Chemical Principles Teaching System. Beginning this months we 
will mall periodically material designed to aid teachers and teaching assistants to 
be more effective in the classroom, Thia material will J. -lude a bibliography of 
pertinent journal articles, books ^ and paperbacks^ arranp: by topics. Also inclnded 
are tips to teaching assistants on how to present some of the topics * help them to 
anticipate some of the student questions in recitation sessions, as well as to guide 
them in the selection of topics that art most important for most courses as wall as 
those topics that can be omitted without destroying continuity. Naturally , we will 
Include errata for all the books in the package. And we also will use t 'is continuing 
service mechanism to pass along material sent to us from teachers ^ if t. / feel that 
it is appropriate to tell other users of the text. Such material might include a 
favorite laboratory experiment, lecture demonstration, clever problems, sample tests, 
and even suggestions on how to re-write a paragraph or two to make a topic more 
unclerstandable to the students* 

Another innovation we plan is to have regional conferences this year with 
teachers using the books to guide the authors in a revision. 

The development of a teaching system, the writing center concept i and the 
continuing service to adopters of the book are some of the ways that a publisher 
might help to provide material that is flexible enough to meet the variety of types 
of caurses offered and to ruake the material as current and relevant as possible* 



ERLC 



Some thlrnrs a/e <■ -Ar . mnny~n:,i . .u.u 1.0L.k.:i i , ./ k. ... .^c.i d.u cl..:i;:.rly t r lttcn c«d nH 
components of Che .- •dilng ayui:cM are j^-uuin^Iy iviMgrnted.. V'c have trie l to maka a 
teaching system that 11 be useful tor the claasea as teae.iera have the«» not as 

nilpht hope to n.v/p i:hnm. Wn bft";.:i <2ve Mi-mI. > H>,r i- '^t^Uiiu will atlp ttiadiers meet 
thp\wds of the wide divergence of pr epaj-otioii that they Qncounter In their claP.ins. 
Hn.-- ....rev.^ wc ' ivn tried i:o maka tliG material rolevatit to inoclern students, Perhaip« 
£ quote from tut; pireface of Ghsmlcal PrlnclRleg will serve to BuimnarlEse how %m have 
ti '.c,a to reach the .student; and to tndic-a:e some of our phlloflophy ^ 

"This text Is addreBaed not only to th« peiaou 
who vjlll make ciicimlf try a profesaloris but to the 
many pecr'i-e who will have to make decisions about 
cheinicai inatters that will affect thft quality and 
soraetiTnes the length of their li-ves. To pflraphrase 
an old epigram about war and pQlltics, chemistry 
is too important a matter to be left to the chemists. 
Psople who will nBvmf Dperate a reactor, or synthe- 
size an inaecticidCj or fluoridate a water supplys 
or design an internal combusion engine, iiiust knov? 

r-nnnc.qi^rr)'2a'\—-%oo^ .nnd bad— that will result 
wheri t thct peoplQ choose to do or not CO ay fcucii 
i-iiiiT'S, We» are living in a very Bmall room on 
!:hls planetp and the more tliat we sae :;hat the 
netghborlns rooms ate unlnhab it.able , the moTe Impor-- 
tanr it is that we know sriough to keep this one 
toiei-able, " 

l,men I began teaching freshman chemistry, In 1947, the coiiteiiti of freshman 
chetnlstry was quite different frOTn what It Is in most schools today. For example, 
the busines^s of valence bond theory and nrbttal hybridization wm just working its 
way into the senior and first-year graduate coiirses. How these topics are presented 
in some high schoo] ;;. 

But 1 wonder if the chemical details Included In a toursa are as important as 
some 01* the aspects of the spirit af the ecience. In other words, maybe it is as 
the philo'?nph'*r Alfrpd mitehead once said, "the study of a subject is not so much 
to produce knowledge as to form habits." Important habits In chenlstTy Include the 
habit of formulating the nature of any problem confrontlns an Individual or society, 
the habit of scientific analysis, of aeeking causes and of classifying sltttllarttles, 
the habit of observation or eHperinientatlon with aultable controls, the testing of 
hypotheses, and the acceptance of successful, working theories, which are always 
subject to rejection, or impTOvemetit , 

To acquire these habits requires teaching of the oethodology and conceptual 
schemes of science, rather than of facts alone. Today one of Che aims of cheolscry 
ought to be to prepare all students— nonscience najors as well as science majors— 
to meet the known problems that society faces. These problems include population 
control, the cure of disease, maintenance of an adequate food supply, developiaent 
of new materials, and pollution control. 

To solve the sociological, political, and technical probliiss ve med to develop 
two breeds of men who are rare in our society— sclent 1st a who have had a broad 
humanistic education and experlente In the world of affairs, as well as nan of 
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affairs who are at hotft in the m^JoT mt%m§ of sctiuci, rcda^ tlit leienclit no 

i^i Ustesi earafully ta tlii fr tests of oiir youth, wa ttiUit coticttid^ thit th^y my 
hav^€ foutid th^ will n^t only □ corTtct cut ttlataJcis bat to build i battar mtli with 
the toolri hava pro%?id^d. If w ar^ heptful , ml|ht tslltv^i Pagcmiri vho oaci 
TiiMrlcad* ''Saieaci and p#aa€ will ttl^pb ovtr Igfieranet and wst, N^tl^ni will unlti 
HDt to daitroyp fcut buildi and tli future ^rill bsloiii to th^flt wh^ hit^a dooi the . 
laoat for hi^mci stiff tring*'' 

So what I mm t^&lly sayings I aappaitp Lb tlat chtmlitry ahouli be tauglit In 
Buah away that mr %mimtB btecsns tdttcattd men mi %!^%%i'^mQT^ of chis ctiOD^liig - 
chralatry and selaact a ^6eatlori« I i^ould suggiat that ^ c^tat ^htol§try In 
ths currlculuis om ot th€ pivaral llbei^al aVti^ Ch^lstry sliDuld bt ^ofislderad 
^Itiln the fraaiworTt the total awrlculi»i i^itliottt tffidui ttipliaala on thesubjaet * 
Cve^smphaals and oy^t^ptalall^ation of saitfics Is itiapptQprtats* Thti ii ^hy momt 
ci my resiarks votald apply the gelinct ffiajor as well as tha is.€nacl^nQ^ maJor> Hon 
fnan^ £realuB€n ri#lL^ ipio%^ wtim thsy enta^ callage wh#thtr they %iimh &o b^aooa ehMiMtiili 
cr gQlantlsts? Why shouldn't a potential etaiaistxy mjcr Itam fltsp ibcut thi bfoad^^' 
aspect i of chettietry? 'J^' 



Moicao'ver, 1 tfcirtl^ that tn mny itiscan^is ou* ovir^mphaals on i^iiact In tha ' 
past fiv years hai it^n brought abo%Jt iaifgtLy thraugln out faars* For' thii pass tmat^p 
3^ia*i m ha^e saen ^etinat dtv^alop intc a acrotfiS pow«, Bvat pdn^t ^bt Itginxiliig 
the atoml'C ^g^i goy^rp^Bnts hairt aeM liow powef ful sclsAaa can tip ati^4 tleaa govara^ ' 
©ints bavi tiiLpad sclima t<o aceumiltt^ that p^was* - , 



Va mxBt ba va^y caf iful to kmmp fower under 
goals ar^ m^ri^to^loUp Why did we go to th^ moon 
poe« — ^seleiittft^, taatnoleglaalp aod huinan, But 
spetid $25 bllLloi^ oti t%l^ advei\tart ws^ prastlgi, 
tfis^ knwLidie and tt^up wars a nof a pow^?£ul 
%^on the battle of pYtptige^ at laast (Qt th 



control and bi a^ttmin that ©Mf J 
Uat sim@ar? F^t 3. vaarlaty of pus^ 
tha elilaf ria€Oa m wm^a wllUag t6 
Va ^mt to p£ov€ eliat wa havt wow^u 
QtviHiatlDfi thaii ttoa Xup^luia. Wa ha^ . 
pxfismt . 



Although ctii^st^y* a^d ftej-encip la ^sorali wt lu^t balp cltli^fli dt^tlop a 
fenofi^ledga oi mtimmm that tlii^ aan appl]r It wlch mthiQmi On^ ^1 tli^ nat ljiipot<^ 
tant aiid frightirslng pclantlflc a^t^a today 1§ tha rmeamh tiuauin liatadl.tar]P 
fSichln^ry oi titm* Ho^ ata we going uit this aa^ btc^l^idyt^-'^thls f^mtful ino^ltfij 
For It Is h^w thl^i i^tnp^i^dg^ la tfgad tbat datanti^as whatliir Ita Mi Sood a^r «|r; 

Ri S, lfo«l^os* iald afl a»ttcla s^tltla^ ••Sciinci in4 SociW ittdtudia" f Sc'lfegfei 
165 p 130 (l$69)]p **In M phort tlw wi t^tll bi abla to dMlgn atruaturf 9; 

a good msm* rlare li moim uncattaliity ab^ut tbt axaet. ditii lut d^pubc that it ''-' 
will omm hmiot% w hp^e da£lMd ^hat a ycod man £a**' 

*Io add not1)i^ b^t of phdloi^phy# X fu^ta lirom th# ^^ncJ.uditi£ paiagraf h In tha 
intrddiictloti tc tht Dlcl^raon*ft*yHaight fli^rtj^ ftt. Pglttciplia 1 _ 

'*0haiBls ^ty la nm^mx m and i in 1 tif a].! • ^kmnfm 9^ Alva 
taia^dt^ It in «ht« llgfct tavf ^Wail;f..ip*<^Jb^^ 
using it i Vawit dafm^^r %0kim 

But the t^ch^iqMp cbisiit«» it ^arf!i||M^^4i^ ^l^B. 
io^ugh 4dr4sl|hC 8^ to Che isc^ a^ tl^tfi^^iilarf ^ 
af faets df ebittieal appllc^tlCKiai ,^lfl htlp ui fe«^h 
g^alp tfiat if i not otharwl«i ett«tisibli« B€t£«ir, H^l^S 
is iim 4ichdftyred by aa a^GtMl^tl^n ^ftftf tli^la||^^ 
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But better U^rltig for the entire huna* family i if 
Mtm If lie enough J eafl be tchlevid tHro-iiglm ctiiiciistry 

S"^ L€t^s tiLp our itud^nta b€coma wise ioough to eope ^ich chs Saafly irobitfljs 
that faci today, To fact thmm p^ohltms it is n^ci^ia^y t^aryofwfi to 
SQint^htTig about sclemsi tnetuding chmletry * To ra^d tti%isp«P«8 iRtilllgnatL^j foit 
C©ii|^isim#^ CO TOtei Intelligent dacialans that affiet of %i\rm^ mv%viom ^u^t 
kttow scrftacliog «f vhat seientfi ia^ Thai, I iwuld ur^t that d^«l ^tt^ ch^»t€t^y « 
oti€ th^ libexii arts > rattiir than aP a special subject * It is trui that th€r# a« 
SDTO dtstincClpM between iciemct© mi othir libawL a^ts a# thos^ #*ibj igti ^^ti^ 
arally tauShC. have * X ecn^lnQid, suflartd a iutoitantlal In aliawt^i 
education iii seliftce to g^ow a^y from sducation in th# Hb#val axts * Wh€n t^Tii^'i* 
aa^t^l sci^nci mp young* It part at th© liberal arts ci**r*euaiB» • >ut ^8 lai^in^i 
grev^ as it beeaiaa off greater p^tctieal and polltieai ^partsnaa, km tt b«^^ n#^t^- 
sary to train s substan^tlal ^imitr ot profesalonal sclentisci, a ^td^ning |«1C 
daveiopid biCwesn what la usUftHy thought of as a se iatatltie aduaaticn aad ^ha^t t« 
uBuaJ^ly t'f»cught of as a llbt^aL tdueation. 

rhi diffarirtcft has, i iseLliv^t, b#in la*|©ly tht ^as^ic o£ a la^Jor dlffarin^a in 
the ^tt iti*daa e>f ^ctenea tea^hsTi and caachs« of tht Utmani^iw, rath^t th^^ th# 
rasuit of dlf fsTitmcae iti Chi w^J^et mattars Invoavmd, T© <^vtrstsaplifys th^ iif^ar^ne^ 
Is tnat sciwea t^ichirs art ssierTttlally vQaationalLy^tl^ncad whiU t^ielis^^ of hufiiti^ 
itia^ s.re t^oCi Generally^ tne l\:frinltiti teachtr^' il^ la co product ptofgastcn^l 
musiclMSy historians J English scimolarPi artlits^ atM &o Sorth* 

The dif fe«nce irx acticud€i leade to diff arant k^nim aoxxTumB a.nd iiti^t0^t 
meth<pds^ of it^struetlen^ Tht teacl^ar of a hitfaaolitla labj «eC acts«ipt s to ds^^iep 
thosa liit^Uecttiti vlrt^e^ tt^at we traditionally awee*at« %^tfca libatal a«^* Ff^tst 
tHe flocloc pf toreadth. APdlstinW from tralaing ttaat i# prltBartly ootie^mtd with 
re laclrily narrow ipecialiiacl&iii Hbiral idtieatlcni is bread lo It ®ay if»el«sds 

chamiitry^ o« hlstor3?j or any ©th^f subjeat, bat it |o#s tej^end t*a tordeirg of g 
sin|li fi^id or tvan a ^los^Ty «iatad greup of flaids^ Ssoondi llb^tal #d«^atlc?ft 
lavoJvei cht idea of daptti, A coi»rB^ at Instraetloa dipas n^t rtirit th€^ lab^l cf 
libt^ai education unlaws it aoss bayend the aupirilclaJ tc gac g dipth of ufl^^i* 
standirmi chat iticludes tha ai wall as ths ^hat aiid thm of wh^t^Va^ li Ui^ng 
studAiii In the ehlxd plact^ a lib«al tduaatioa gtife^ tlii 8tiada«t 4xmta±$m tn 
raas^ning and chltiktti| forh*Melf. ic taaeheP hi« to is* 4ut^ticna , to crlttclg^a, 
to e^aniin^ his owti tHnklcg, m4 co toCT aonclastcn& ttiat h# ean dt^cu^a and dif^nd^ 
but chat t%a can- aXio changg, 

Tbe ttaehlng ot ehtaisCry ar»d eclanci «ay ali^ tftbtllC tftas^ al^a^'ictexlstltfii 
but f r^qu^ntly it does i^ot. The motm iiffliadiataly m%f%il m fltld ds ihauglt h#i 
tlia gr^at^r in tha t^mptatio^ to ctach praotleml lnffor*atio0t iHim tW^ f ar^ 

saem^ 4ull» tha taiptatloc 1^ to aompound th€ fault by minim «hs taaeblrii 
down to a^rtti and praetlcaL in collegi €acalcg& w# a« Aat thmj mtm c«^dic* 
with Mch ewrpii as household phyiicsp ahiEistry for 0ur«t#i piychrtlogy f(j« *al#sMnp 
tad Wthi^ticff (or cor»ii«it^» R^raly^ parh^pp MVer, in sach aowmH imm§ th^ 
student |#in MCh in braadth or d^ptfc, nos tlirougt skillfully ftaftdle« dis€usilo la 
ha lad to an uftdtritandlna how and K^hy ha ratafciA a c^Q%wAon^ 

to ^bt asEtifit that chatflstty taachars atm piripar*ns tt»il* »«ud«nti to^ mti^n^ 
tifi^ w^m, they frsqu^ntly gat so Dbsessad ^ith thm imo^t0mmf thm w^pU^i^y, and 
tha <?iptn^8s of salanc^ ttoit th€y diallka t© sat a etudant graduati ^Ith anS^ Stp# 1« 
his knovl^dga, So tlie ts«btfiot« get thlakar and thicker » tHa prutt lits i»allir aad 



smallsr, and the coijrses fuller and ftillsr, Ths teacher li so lua^ giving irifDrmatlon 
that he has no time to e^plaltip to avaluati, ^nd to crlticiaei the studetit Is go busy 
learning facts that he has no time to question^ to digeit the Itif orffiatlom* aud to 
think crttlcaLly, Ihis Is a serious shortcoming of much aclanct teachlngp and it 
rtpreaentg an objective that Is Impossible to attain* The evar growing tody of ecien- 
tlftc knowledgf makes It Increasingly ImposBltLe to teach all of it to any students, 
and the attempt to do so is a self defeating effort. 

These are serious shortcomings of auch chemistry teaching , but they are not 
necessary Bhortconlmga. For the truth Is that the characteristics of lltaral educa-^ ^ 
tlon are also characteristics of science; not of all the people ^ho call thensslvas 
scientists s and not of all the courses in science, but of science itself , of irtiat we 
call the scientific method, and of the thlnkliig of the great scientists* Mportant d 
scientific advances exhibit the penetrating deptht the critical Inquiring attltudet 
and the logical reaching of conclusions that we hope to achieve as products of a 
liberal educatlDn, And frequently ^ toO| they exhibit the scops and sweep of Imaging- ^ 
tion that wa attribute to liberal education at Its best. Ths teachini of chaailstry 
can be broad, it can provide depth In eelectid areas, and It offers almost unaqualed 
opportunities In the development of reaionlng* 

If ve are to achieve these character Istlcs^ however, many of mr ehenlstry 
courses must be changed , and so must Che thinking of many of our chemistry teachers « 
To start with, let us accept the fact that most students who enroll In freshman ,3 
chemistry (or biology, or physics) are not going to become scientists; thay ara 4? 
sampling a subject in which they think they laay be Interested ^ or they are fulfilling I 
a requlreoant that aays they must have a certain numbar of hours of science. In a 
liberal artg college or a junior college the students who are never going to become / 
scientists constitute the large majority* 1 

And the challenge is greater for the two-year schools than for others. In 
1969^70 there i«?ere 7i25 million post-high school students. In this same year there 
were 1,7 million frashmen enrolled In two-year schools # ^lle there was a 103E over- 
all Increase from 1968-69 to 1969--70, there was an 18% Increase lor two-year schoois. 



What is It that will contribute most to the education of these students who 
will not become scientists? Although I cannot answer this q|uestlon in clatail» let 
me suggest the Unas along which I think it should be answared« In the LiberaLl artji 
kind of science courae, we must select a limited nwber of areas of science to be 
included. There la no need to try to cover everything, islaetsd topics can be used 
to teach what science Is and how the scientist mrkat to teach Hoviithlng of the 
history and philosophy of science p to give an undsrstMdlng of tli# nttuTa of seliMfi 
and of its heauty and elegance. 

I have come directly to this mestlng fTom Aspen « Colorado, irtt<pre 1 have be^^ 5 
directing a suaer fnrltlag center for Benj^ia. We have just^^oiBfil^tei a t«t fov^ fj^f 
general chmlitry that we hope will sett the needs for a lairil ni^^ studMtrifei^^^^ 
in junior and ainlor colleges. Titled Modela In Chaaleal ScltriM , .felig t 
Ifi that It mphaalses the concept of nadala In teaching €htfiiit^#;^^t: im mlt.t&^^.^^ 
a language that Is sin^ler than laost of the batter gmer$l chmiftry tiJits* It -^^H 
includes only th@ esientlal toplcsp thus It Is aho^te^ ^hnrat 

frestuaan chemistry tescts. The book has been written by George EaMotid and tarry Gr^i 
of Gal Techs Janet Osteryoung of Colorado State University, imd^t^ Crai^ord of: 
the imiverslty of Louisville, .'-^^ ^.^-mm 



To suppl^ent the tesctp we will have a probleffis book writtan by Butler and 
GTOSSir of McGill Unlvetsitf . This book will contain problems of the typi In 
their auceassful book Relevant Problems for Chenlcal Pglnclpleg i which I desertbed 
pre-vlously» We also plan to have a set of tha BctJ aaln/Jtaruzen aodelSi a laboratory 
mantials and a paperback on descrtptive chemiitry md qualltatlvt analysis. Th© 
entira package is planned for publlaatlon neKt spring* 

Liiwreiict P* Eblin^ Ohio Univirslty 
Athens p Ohio 



I* Introduotlon 

1 feel honored that Or, Mooney Md Dr. Cuoct have asked loe to corns 
hart and talk with yon about begltmli^ chOTlstry eoursea* I feel that I m 
aaong friends, for this group probably contalna tha aost devotsd r : all 
teachers of beginning chemistry. At the srae timi I feal vmi^ hu^le abnut 
tiying to tail you very much about this ^oplc. If It la worth your time 
to llstsn to what 1 have to say. It will probably be beeause a£ the quej^fions 
X raise rather than the anawars I give. I do not intMd to pose as a prt phat 
of the future^ and I do not plan to discuss tha glmulcka of profesal jn. 1 
gather that the title given 1© the prograa, "lutura Trends in Beginning 
Chsmlsti^ Courses," has bean stated rather broadly for ccayanlaiice* In 
fact, Br, tooney told me oyer the telephone that vh^t va§ ^tpected was a 
presentation of my phlloeDphy of cheirieal educatloii for hegismars* Xhare* 
forej the future trends that I shall be disclosing are sjjnply an expression 
of the hopes and wishes that arise from ay persoml philosophy* 



II, mmt i s "Beginning Chamletry"? 

"Beginning ChOTlstry" has dlf farent mganlngs for differant parsons, 
to the student who is taking a chemistry coursa for the first tlMj "baglnnlng 
ahamlstry** Is the course that he Is taking, whather It Is In sdiodl or 

in college* We who are teachers of college ch^icry use Am exprtsslon 
••baglanlni cheailstry" to refer to the first ehritf^itry ^owse t^^ ff^ college. 
A great daal of confusion arises from the fact that Mmm pt our' Irijihaiin.^^s 
have already had chefidstry in high sAool^ while othara hiiiNi n©t^^^^^^ 
graatar confusion results fron the great vsriatleh in the qiAli^ >M 
quantity of the chemical knawledge acquired by studwts la their Hiwi adiael 
diand^stry courses. 

Confusion also arises from the fact that atudan^ ttfUng^;i^ 
begiimiog course are taking it for so dtffrttnt risasoM^ 
Mjor in ahMlstry or in one ©f the other sc^i^iiipS*^ 
ait ©tt a career la iMidlclne or in one of the h^m^mB pt «i|fiaM|«gi/ 
ara nonsclence majors lA© may be taking the #firae f rj*: 
becaust th^ have not yet decided ^^n a aajor i iMijfi^^^^ 
nonseiinca majors have already faii^^ t fairly flrt 
In nf pf the scleacesp but are hopaf ul that a fcriSifl^ag* 

hilpltti to thm in ^e car ears td which they lo^k foifir^l:^^^ aieampM, in 
tha pnatice of law* 
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During teaching career 1 have witnessed among the students taking 
freshmaii chemistry a steadily gro^^ing proportion of those who have already 
studied chemistry in high school. In more recent years I have observed an 
improvement of the quality of the high school backgromd of the average 
student in freshman chemistry. But it remains true today as in the paac 
that there are freshman chtTOlscry students who have a very poor chemlatry 
background or even none at ail. 

Still another source of confuelori in beginnnlng chemistry Is the great 
variation In the general scholastic abilities of the studenta. This Is so 
involved with the aocio-economlc bickgromd of the students^ with their 
inborn blessings and Mhortcofliings, and with their notlvatlon for scholarly 
effort that it Is difficult to know what do about it* 



3, Different Courses in Beginning Cheni&t^ 

Some colleges and unlversttea have a large variety of freahm^ courses, 
but the criteria for dividing the itudents are not imif orm. Some have a course 
for chemistry majors, a course for majors in the other sciences » a course for 
engineers, a course for nonscience majorap md so qil, Mother plan that is 
sometimes followed is to separate the students who have had high school chemletry 
from those who have not. The general scholastic ability of the student is 
frequently employed to determlm his eligibility for aft honors course^ 

Only a very large snhool can afford to schedule a variety of different 
courses in the same subject* Evea in a school with 2000 freshman chemistry sti^ 
detits, if each sectiors has approxluiataly 300 students and seven different 
courses are offered , that meanB only one class is available to any one student ™ 
assuming that it can be clearly established which one pf the seven courses 
a particular student belongs in* ^yone who has helped etudents with the 
problem of scheduling classes knows that it will often prove to bt imposslblt 
for a stiident to take the chemistry coursn he is supposed to have If only 
one section is available — eapsclally if all the other disciplines were to 
plan their offerings in the same manner* 

Host chemistry departments follow the practice of using the sams te%t 
in all sections of a particular course. This usually means that some of the 
instructors have no great enthusiasm for the text they are using, beoausa they 
have beea outvoted by their colleagues. One advantage of having a latgi number 
of different freshman courses Is the oppDrtmity It may provide for aach 
instructor to choose his own text and do his own thing. On balance^ this 
does not seem to Justify the dliadvantages Aat result fron a multicoyrse 
offering* 

In addition to the difficulty studanCs have in sehedyllng a one^stctlon 
coursep there is the disadvantage that a multiplicity of courses cat^as 
adialnlitrativa compleKlties In the laglatlcs of tha laborato^^ Many mors 
hours of service are raqtilred of tha storeroom staff if each laborato:^ Is to 
be occupied by students doing a dlffireiit experiment each time another laboratory 
period comes aroimd. 

!ty own philosphy is that the numbar of different freshmn courses 
offered E^hould be kept to a minisDm. I thliA ve would be wise to askp regard* 
ing any proposal for a proliferation of courses , "How necessary is this? 
Is it really worth doing?" ^ 



* - yacts to Reme^gr In Set ting Up Different Courses 

We often hear It said that traditional introductory diemistry courses 
are likely not to be very Interesting or challenging to a college frsali^n 
if he has had a well taught modern cheroist^ oouMe in high school. All too 
often, students who havs had a poor high school bachgrotmd have been dia*- 
founded by courses that were pitched to thoaa who have had a superior back- 
ground. I think it is desirable, therafori, to have an honors course available 
for the students who have the exceptionally strong backgrotuid. This ought 
to be a course of greater depth and Intensity than the course taher. by the 
other students. 

I have noticed on several occasions ttiat a student who expresses the Intent 
to major in ch^istry may be only an average itudent. Sonatlmei thli is 
because of a poor high school chraistry backgroimdi in some cases It is a conse- 
quence of scholarship potential that Is only average* Many of these students 
decide during their first year of aollege that they had battsr dipose a 
different major " and this Is often, mqueotlonably, a wise decision. But 
among this group there are some courageous souls who persist In going on as 
ch^lstry majors. Some of thm do better In their advanced coursM than in 
their freshman course. All such students would be elli^dnated la their freshman 
yea . If they were forced to take an hotiors course or a course of extra 
difficulty designed for chemlsti^ mjors. 

I believe the student himself should be the one to decide iiliether he 
should take the honors course. I do not believe that the Intent to major In 
chemistry should be the reason for taking suah a course* And I do not bellve 
the honors course should be limited to those who plan to major in ch^istry* 
If the honors course Is to be successful^ the enrollment in individual sections 
must be restricted to reasonable niters. If atalssion Is made wlimtsry, 
there will likely be no problem of eKcesslve class slie. And yet It pfovides 
an offering for those who need the challtnge that It afford* 

We like to pretend that we know which students are ch^atry aajors and 
we like to assume that they should be in a course that Is especially for them^ 
But we all know that large nt^ers of students change their piaas dwlng their 
college years ~ especially during the freshman year. 1 dare say that some 
students who started college with the Intent to major in diwilst^ have 
decided not to do so as the result of being placed in one of those courses for 
chemlst^^Jors, where they became dlstlluiioned and discouraged by the diffi- 
culties reswltlng from acceleration and a preMture emphsis on Astruse 
theoretical topics. Conversely, 1 know It is true that some freshiiea decide 
to become chCTistry majors becayse they enjoy the freshman chentstry course, 

Vfy conclusion is that a stirfent should not be fbrcsd to dMld« la high 
school what his major will be In college^ that the freahiiatt ^eala try program 
should be sufficiently fluid that a studar.t can decide In wllegi that he 
wants to major in chemistry without losing a yearU ti»i| that M itiidettt 
should get caught to his disadvantage In a terminal chemistry eouMe from 
which he cannot emerge to major in ciieniitry without taking another year of 
freshman chemistry for chemistry majors* 

Occasionally there are students who entsr college wit* such a superior 
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backsroynd that even tht honors coursa would hm a waste of their tlm#* Every 
schn&l ihculd have an advanced standing program that would enable students to 
go ahead with sophomore courses in their freshaan year if they are qualified* 

With an honors oourss and an advancad standing program In bperatloiii 
1 set little need for any further prollf aratlon of frashmwi Ghmistry offerings, 
Havlni t^en cars of those excellent studants i^o vould be bored by our regular 
freshnan eouraei I thl^ we can handls all but a vmry few eKceptlonally poorly 
prepared students in one group. I thb^ ths assi^tlon that each student 
should be in a class where all the other students are just like him im a 
fallacy. 



5. Economics and the EncQuragemant of hernia try jtojors 

In a tiae Ilka the present ^ when opportunities for careers in the chemical 
proftflsions seem llmitsdp the teacher loay feel that he should try to lioilt 
the ntfflibsr of students who aspire to be graduated as najors in eheml^cry. Thw« 
he imy feel it is appropriate to establish a frestasn course Mjaclally for chamis 
try majors and to make it a difficult course. And he would violently disagree 
vtth ny belief that he should be delighted when sttidencs in the «g iJ.ar 
Iresbnan course develop an interest in becoaiiig ^heialstry majors > 

I have seen the economic draand for scientists and engineers go yp and 
down several tines during my teadiing career. Ivtry tine such a reversal 
occurs p It catches a generation of students at some point betwem 'heir freihrnan 
year and their aeaior yeair* There seeM to be no way predlctliig iihat the 
situation will be at the time of a student's graduation. If we mdvlas 
atudents to think of entering or staying out of m profusion on tiie hasis of 
eccnoalc conditions^ we will usually do thia on tiim basis of the teonomlc eon* 
dltlons that prevail at the time we are gfvlng the advice. Perliaps coaditlons 
will have revarstd by the time of the stidenC*3 graduation. AAyway» If a 
studtnt wants to major in diemlstry md the econDid,c outlook tot cheAlsts is 
not good at the npsenty irtiat would you reconMnd that he do? 

Regardless of how nny or how few differMt beglonlAg cpfirsts are off ered» 
Mch of thesii ought to be tau^t In such a aiaiu:iaf thit kmah sti^ent will derive 
the maKimuai amount of chemical education from die a3^eflenoe/ Mo chaalstry 
eourse should fall to include suUi basic ^ealcal €oneepfcs 48 aeLd-bast 
reao tlons ^ ozldation-r education reactions » the neaiiins of atoai^ vaighta as 
averages p the klsetlc theory and If I may dare to Incltide^^^^^^i^ -i ths concept^ 
of entropy^ th^ question of how mmy frealuBaii couMM tfhall b# o^f 
be dicldad on ^e basis of the single crlterlofi thMt f^aLi' reaulc^^^^^^^ 
aff^itiva ch«lcai teaming for all Is iftat sH^ld be dw6; ftiiv^^ 
what aiAJect aattev shottld be Included in ^he eouraM jthoulA hi f ecMM . ^ 
the soMK basis, ^ cm philosophy in that all d^^^ttf o^m^ir'wi' tn the > : v; 
purpoae of teaehlng^alit^ and that It la a aittaka to tzyf^c «^ dd^^ae 
ao dlffloult that the studmts cannot coBprahmJ t^ii\fmt^§^i^^^^ - 
make it patoless by wtracting aost of the Oi^^a^ii^i^t^^ --r/'- \ 

In generalp I do not think lie ean ^iradlet ifhich individual atudanti ^ ■ 

will aucceed In the stu^ of chMlst«y — either In a particular frtateian vf^ ^ 
coursa or in tiie currlcitluB for AMdatry n^jon* those ^o ifera ax€allii(t 
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students In the freshman year n.. ^ose their grip before completing the require- 
ments for graduation. Wnen this aappeus it is coffletlmes difficult to discover 
wliy It happened to this particular person. Whatever the reason, it la not 
likely that we could predict who it would be. I think it would be absurd — and 
also tnhimane — to make the freshman chemistry course unnecssarlly difficult 
in an attempt to atop these persons sooner, if we did succeed In stopping 
them at the freshman level, we would almost certainly catch In cne sane trap 
those students who would havi done better In the hljher level courses If 
they had iiad the opportunity. 

Even with the freshman course adjusted to the proper depth and speed 
so that practically all the studants who are willing to exert theBselves will 
at least pass the course, it Is still true that there is a imall group at the 
bottom of the pile whose presence in the regular courae would result either in 
their being ignored or In thi- r making it extremely difficult to keep the class 
moving at the desired depth i nd speed. Some of this group are virtually 
unteachable, but others ar« slow and uncomprehending at first only because of a 
combination of intellectual shyuesB and total unfamlllarity with the subject 
matter There probably should be a short preparatory courae for sucA persons. 
Most of those who have had no high school course should take the preparatory 
court' Id probably all of those who had high school chemistry and thought 
they little from it. As with the honors course, I believe the students 
themstrvfd should be the onea to decide whether they need the course. Many 
students of high schola-ship potential who have had no high school ch^istry 
would find It quite unnecessary to take this course — provided the regular 
beginning course really starts at the beginning. 



6. Picking the Right Depth and Speed 

Assuming that the students with superior chanical background and those 
with exceptionally goo-J scholarship potential have the option of taking the 
LLra course or advanced standing, and that those with no ch«d.cal background. • 
or a poor chemical background, or a low scholarship potential have the option 
of starting with the preparatory course. It ought to be possible for 
"reaular" course to be breeiy and brisk without belns too deep or too fast for 
the majority of the students. The purpose of the honors course and advanced 
placement options 1. to take care of those who would find the regular course 
shallow and too slow. The purpose of the preparatory course Is to take care 
of those who would find the rtgular course moving too fast. 

The regular courae contains all students who do not opt for the honors 
course, advanced placanent, or the deliberately slow paced preparatory course. 
This means that many of the chenlstTy majors are in the regulsr course — although 
other ehemlstry majors are in the honors course. But It also meeas the 
total niater of chemistry mJotb energlBg ■uceessfully from the frMtaam year is 
a naxlminii. We have avoided dashing to bits the hopes of those who really 
wanted to major In chemlitry but had not yet acquired ■uffleieftt background 
to master an extremely difficult "chemistry majors courM"i and f« 
picked up others who decided to become chaolstry majors dtwing the freshman 
year. 

Ifest of the students in the regular course will, of course, be oajors 
In Bonething other than chemistry. A great many of th»e nay naed to take one 

20 

12 



or Jiore addittonal chamistry coursaa beyond the freshman chemistry course* But 
still another group — most engineera, for example — may iievef take another 
chemistry course. A small number will not major In any kind of science, 1 
don't think the nim&er in this last group will be large, OptiBiism is offering 
a course specifically for those who have no profession-related interest in 
chemistry seems to me not justified for two reasons s first, many of the atudanta 
we have in mind as prospective enrDllees for such a course will avoid it 
if they can; and, secondt nonscience majors who do have a serious desire to learn 
some chemistry will realize that they will derive more benefit from the regular 
chemistry course " if^ that is» the regular course Is the kind of course 
I have In mind. 



7# The Dangers of Chapte^Hop^ing 

The freshman course should be of such a nature that the student can 
learn the material to the teacher's eatisfactlon if both of them work at it. 
Each day's work should build on the achievements of the previous day. Serious 
thought must be given to the subject matter to be Included in such a course, 
^d once the subject matter content of the course has been decided upon, the 
question of the proper sequence of topics arises « 

If you ex^ine a ntmber of different teKtbookSp you will find that a 
given set of topics can be taken up In many different orders. But In any 
te^t that is adequately organized, later chapters buiLld on earlier chapters* 
Trouble arises If a teacher starts chapter hopping a text with which he is 
not thoroughly f miliar. It may well be that there Is material In Chapter 12 
that Is necessary In order for the student to get along well in Chapter 13 # 
If the teacher feels that the stAJact matter of Chapter 12 Is expendable and 
that he would therefore prefer to omit it, he had better first consider whether 
the omission will cause the student unnecessary difficulty in his attempt to 
comprehend Chapter 13. 

It Is perfectly understandable why soma chapters are omitted by teachers^ 
Textbook authors are under great pressure to write boota that are too large for 
the courses in which they are taught. This la the only way that a teacher 
can have any freedom In the choice of material to ba covered. It would be a 
f ortimate thing If authors could anticipate which chapters will be considered 
optional by the greatest nxraber of users and strive to place these chapters 
toward the back of the book., For if none of the chapters toward the front of 
the book are to be omitted, then I see no reason why the ttacher would not 
wl^h to take up these chapters in tha masm sequence as the author. Not to do so 
is to assume that each chapter In the book Is a monograph that Is lndep€n» 
dent of all the other chapters. If this were so, ons saquance might be as 
fees lb Is as anQther. 

In general p I think one sequetice of topics ^ as feasible as another , 
by and large. But lAen an author writes a book he has to maka a decision m 
to what the sequence o£ topics Is to be. Having oade chip deciiloni he has to 
make sure that th% discussion at each point does not assidAiy as hackgroimdt 
material that Is yet to be presented In a std^sequent shaptar. I u sure all 
authon do the best they cm to achieve this result p iniofar as their editors and 
iBanuscrlpt reviewers will permit So I think if a tMcher ImIs a strong 

compulsion to oonsldsr the topics in mn entirely dlfftraat sequMce from the 
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author, he ought to adopt a text in which the sequence of toptcs Is more to his 
liking. Or perhaps he ought to do what so may teachars have dona and write 
another book' 

I suppose some teachers like to raarrange the order of chapter coveraga 
so as to correlate the classroom coverage with the order in which laboratory 
experiments are to be done. It would be ouch more logical, It seems to me, 
to change the order in which the experiments are done. If there is any 
difficulty along thmse lines, the teacher might be wise to use a text and a 
manual written by the same author. PrestOTably the author will see to It that 
the sequence of ejeperiments in the manual is correlated with the sequence of 
topics in the text. 

It is certatnLy hoped that the teacher will supplement the text with 
material acquired from his own personal experience so that the student will 
feel that the teacher is providing some worthwhile enrichment. But this 
does not give the teacher license to scrapie the toptcs unmercifully nor to 
raise the level of dlffleultty of the course to the point that It is egreglously 
Inconaistent with the level of difficulty of the text he has chosen. The 
function of the text Is to set the tone of the course as to level of difficulty 
and type of subject matter and to provide a plan for constderation of the 
different items of subject matter and to provide a plan for consideration of 
the different Items of subject matter in a sequence that has pedagogical merit. 
The teacher must realise that the author has a plan. With the large nimber of 
texts now available, there are plenty of plana to choose from Some tMts are 
very much like the physical chemistry textbooks of yesteryeari some contain a 
goodly amoimt of the n^ physical chemistryi aome are slanted toward analytical 
chemistryi others are topheavy with organic and blochemtstryi and now comes 
eavironmental chemistry. 



8. My Fears 

An adequate chtmlcal consideration of envlroMiental problems Involves 
sows rather rugged chemistry. An Intelligible c ilderatlon of biochemistry 
requires a certain minimal amount of organic chemistry as a background. An 
analytical emphasis must be based on a solid backgroimg of stolchlometry. The 
presentation of the new physical chemistry is most difficult of all because 
the student's comprehension of this type of subject matter — nolecular orbital 
theory, and so on — depends on a background which the student almost certainly 
does not hava and which cannot be included in the text itself because of 
lack of space — nor can it be adequately presented in the lecture room because 
of lack of time. 

I fear that there is danger we may try to teach biochemistry with 
Ittaufflclent organic chemistry as background. I fear we may try to teach more 
analytical chemistry in the freshman year than the student's inadequate back- 
groOTd in stoichiooetry and inatrwaentation can support. I fear we My create 
frustration and reieatment in studemts by trying to teach such adjects as 
Biolecular orbital theory with no backgro^md, I fear we may try to deal with 
the Involved and controversial problems of pollution In a group that does not 
undaratattd what It Is all about. I fear we »y nake chmiatry Bore difficult 
£or the nonmajors than for the majors by trying to Includ© too many of the 
••goodies" that the najors will have a chance to savor in their upper level 
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courses. I fear the students will be made to feel they are not intelligent 
becau^ - th^Y cannat comprehend the unintelligible fare we are always tempted 
to serve them, 

9. Vfy Hopes 

In spite of my fears, I am fundamentally optimiBtic, The present employ- 
nent iituatlon in chemistry and the other fields of science and engineering 
will likely cause continuing decreases in chemistry enrollments* Students 
will not be falling all over themselves to get into chemistry clasaes if there 
Is a belief that chemistry Is unreasonably abstruse^ esoteric, or austere. I hope 
that the desire of teachers to perpetuate the means of their own livelihood 
will cause them always to r^eBaber that they have an obligation to their students 
to make the course adequate but reasonable* 

The present social concern with the effecti of technQlogy upon our environ* 
ment ought to make students less passive toward chemical education, I Mi 
sure that teachers will want their students to be prepared adequately to cope 
with future problen^ In this categoryi they will wMt to help the students 
acquire a knowledge of the fimdamentals of chemistry rather than merely engage 
in a dialogue over this morning -s headlines. 

The tendency of the more Idealistic portion of the present generation 
of students Is to turn their backs on tho^e whose devotion to chemistry Is 
conditioned primarily by its relationship to their own Incomes. This will make 
teachers realize that they must give witness to their own genuine interest 
In chemical education by doing the best teaching to found anywhere on the 
campus * 

In the last half century beginning chCTilstry has changed from an 
encyclopedic treatment of descriptive Information to a logical consideration 
of the basic concepts of chemleal science. The rapid growth of chemical knowledge 
has caused some of us to try to cover more and more material each year. 
Periodically, we subject our course plans to critical re-SKamlnatlon and 
discover that many topics that we thought were absolutely essential can and 
must be discardad. We have discovered that the concept of entropyp for 
exOTple, is more Important than a detailed knowledge of the chmlstry of 
chromltro. We have discovered that It Is possible to teach many concepts to 
beginners that our predecessors considered to be beyond their grasp, ffy 
hope is that we shall continue to Improve our ability to make difficult 
st^jects intelligible — and that we shall remain willing to redefine what Is 
essential and what is not. 

rmvm trehps ik chemistrit for non*sciehce majors 

Stuart Whitcombi Earlhra Collegs 

It is indeed a pleasure to have this opportimity to talk to you but 1 wust 
admit to serious misgivings. As a physicist 1 would have consldwsble di«fiGul^4tf 
pradlctlng future trends in physics education and yet hare I an rtout to talk abeut j 
the future trends in ch^cal aducation. This appears to ba extrmely ptmrnum^^W^ 
and I must confess that I would not be here were it not for thr« added words 
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non'-sclence students," The problems of teaching chemistry to prospective chemists 
are admittedly different from those of teaching physics to prospective physicists. 
However^ the problems of teaching chemistry to students not interested in science 
are nearly the iame as those which I face as 1 attempt to teach physics to students 
not Interested In science. It is the nature of these problems and some poasible 
solutions which I would like to discuss with you. 

Let ua first consider some characteristics of these students who are enrolled 
in our courses In spite of the fact that they have little interest In science* First, 
why are they there? Essentially they are there because someone requires them to take 
science courses. If they are prospective elementary teachers, they must meet a state 
certification requirement. If they are prospectiva lawyers, sociologists, writers or 
housawlves, they enroll in our science courses to meet liberal arts raqulrements* I 
fear that many of our ealleagues in the himanlties and social sciences, are not theia* 
selves convinced of the importance of courses in the physical sciences and they con** 
vey this lack of conviction to their students* Secondly, what has been their S3cpe* 
rience with science? All have had home contact T#lth science in elementary school 
and Junior high school and most have had some in high school. Unfortunately for 
many students this whole series of experiences hm bean an mhappy one beginning with 
an elementary teacher who feels uncomfortable teaching sclenca and ending with a high 
school teacher who at best aimed at the students interested in science and at the 
worst tried to cram too much material Into the course. What is their attitude toward 
science? Their unhappy experience has resulted in a very negative attitude toward 
science. Typically, they dread taking more science courses and tend to postpone 
them as long as possible. 

Given the students with the attitudes and eKpertences which I have described , 
we frequently put th^ in a condensed version of beginning physics given in one 
semester by a member of the Physics Department who didn't want to give it and a 
totally separate semester of chemistry, given under similar circumstances. These 
courses, aiftilar to those which gave the students their distaste for physical sclenca , 
but faster in paeSj are likely to leave them behind from the start and deepen their 
antagonism. This certainly does not seem to be the direction in which to continue* 

Before we consider new directions for physical science courses > let us think 
for a moment about what a non-science student should get from a physical science 
course. First, he should eKperlence a change in attitude frOT confusion and 
antagonism to confidence and Interest. Second, he should reallie that the essatice of 
science is observation and wondering and trying to find out about the physical world. 
Third, he should understand the tentative nature of physical TOdels and their relation 
to experiment. If we can establish chemistry or physics or physical science courses 
which will give non^science students these attitudes and understandings i we will have 
given the prospective elementary teacher a much more comfortable feeling whan teaching 
science to h* classes. We will produce lawyers, sociologists and parents and 
citizens who have a much better imderstandlng of the nature of science and Itfl relation 
to society. 

I have nat listed the acctmulation of a large nunber of facts as one of the 
goals of a physical science course* The goals 1 have outlined will be achieved only 
by Mking use of a reasonable niMiber of facts* If we aehl^e our goals, these facts 
will be retained, used and placed in parspectlve and morm l^o^tantp the right atti- 
tudes will be generated for the independent gathering of further facts, 
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Now for the big question. How can we design expferiences In the physical 
sciences which will produce these changes In attitudes and give this understanding 
of the nature of science. I would like to present an answer to this question In 
terms of the guidelines which were used in the devalopment of one particular course 
"An Approach to Physical Science" developed by the Physical Science for Non-Scianca 
Students (PSNS) project. This project was supported by the Natlofial Science Founds* 
tlon and was the outgrowth of a conference sponsored by the Mvlsory Council on 
Collage ChCTlstry and the CDtBmlsslon on College Physics. Of course » PSNS davelopad 
a particular course but the guidelines appear to be sufficiently general to serve 
equally well for a variety of approaches to the effective presantstlon of the physical 
sciences to non-^sclence students ^ 

In view of the student's attitude toward science. It Is essential that one 
should begin by encouraging students to investigate f^illar phenomena. There should 
be plenty of time for this investigation and for discussion* The pace should be 1 
leisurely and should deal with simple concepts. 

The physical sciences are based upon experimental investigations of nature. 
If our students are to obtain an undaratandlng of the nature of the scientific 
enterprise, they must ask questions of nature , that Is they muat perform experiments. 
The experiments are a crucial part of the PSNS course as they should be foir any 
physical science course * These experlmenta must precede the discussion and sheuld 
form the basis for discussion. This way one observes and then interprets. One may 
thus find surprising results which st^nilate discussion mA not dCTonotratlons after 
explanations have made inquiry unnecessary. Insofar as possible every new topic 
should be Introduced by an experiment. 

If one Is to provide time for wondering about science, for performing exper-- 
Iments and for leisurely discussion ^ It Is obvious that we cannot Include the whole 
subject matter of physical science. I?hat topics should be included? An obvious 
way to answer this question la to choose a "th^e" and to Introduce only topics the 
taiowledge of which is needed to follow the "th^," Thus one establishes "the need 
to know-' as the criterion for the selection of toplctf to be dUicluded. As an exMple 
of this procedure the PSNS staff chose as a theme the question "irtiat Is the nature of I 
solid matter" and Included only topics %mich contribute to finding answers to this ' /Bi 
question. > 

This "need to know" criterion la a pervasive one* It serves not only In the 
choice of topics » but it may be applied to the manner in which topics are Introduced* 
The "need to Imow" must be clear not only to the Inatructor but slso to the atudent.v^ 
Ideally the student Is TOtlvated to perform an experiment because he recognizes tlie 
aeed to Imow the results of tie ex^er^ent in order to get on with his lAvestlgatioa:| 
of the main theme of the course, nmm^ this criterion deteritffiM what is Included 
not in terms of what is traditional but In terms of what the atudrac nuat Imaw Xt hm^ 
is to get on with his investigation. !nil8 Is the way a sclent Ist finds Interest In ^| 
a topic. We should coinunlcate this to our studente^ . 

Sclaiice progresses by building apdels based on pbservatloiif » thm uses tlijue 
models to make predlctlone» and flnallf^ by exper^Mt* tests to fl^ out lAmtfiu^ 
the predictions are verified by further observatlma* tt non-^velence students 
experlmce science they should observe ^ construct Mdelsi Mke pr^lctlons and tht^ 
make further observations « The models may be vlsttalt Mntal or ■ithMatleal but it>t|r 
is inevitable that srae not agree with the mperi^nc* nhjla is the mperlence of 
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many of us and there is every feasoA why our students should experience It too. This 
way they will learn Che tentative nature of scientific theories and will b« comfortable 
with incomplete theory. ^ 

A course which follows these guidelines does not always proceed smoothly. The 
experiments are not always Imnediately explainable and, hopef\illy» will yltld some 
surprises. This la part of the fun of working in science. In any scientific 
laboratory a problem may be put "on the shelf" for a while. -Whtn a student lattt 
comes across something that nakes contact vlth that question fhich has been put on 
the shelf" in the back of his mind , he has the satisfying setose of seeing the parts 
fit together. This Is oP :j of the satisfactions of scientific woik, 

Following these guidelines Is not the fastest way of letting some parttcular 
relationship into a student's head, but It Is the only way in which he can under- 
stand how we know what we know about the world around us. To make ttme for this 
important process, it is necessary to eliminate much that Is taught in swrvey 
courses. However, the results, in terms of cbanges in attitude and the student 
satisfaction, make It worthwhile for us to give up our cherished ideas of what should 
be included m a course In physical science. 

As I indicated earlier these guidelines were those used In the development of 
the PSNS course "An Approach to Physical Science." The student Teaetlon to this 
course la Interesting. During the first two to three weeks the students feel uneasy 
and insecure. They haven't been ilven all kinds of stuff to neaorlze, they hsven t 
been asked to work problem after problem, they have been asked to ohstrve and think 
and they are not given the answers to all their questions. It appears that few 
students have had this kind of science course before. However, as the semsster 
proceeds, the students begin to understand and appreciate the approach. Many Btudents 
who enter the course with a fear of physical science find that they actually injoy 
the course. In most, but not all, casei the course appears to achieve Its objec- 
tives of overcoffling the non-sclence student's antagonism toward science and of |lvlng 
them an understanding of how the scientific enterprise functions, Iron personal 
knowledge I can report that It has produced elementary teachers -who use the same 
approach in their elementary classes. They are comfortable saying let s find out 
about this together— what experiments can we do to find out?" If all eleiaentary 
teachers understood and could use this approach to teaching science, stndenti 
reaching college would have no need for a PSNS course but more students would be 
ready for regular chemistry and physics courses. 



CHEMISTRY COURSES F Ol NONSCIEMCE t^ORS 

William 1. KleffeK, College of Wooster 

The only workable premise on which a discussion of this topic cm stand U th«t 
there is no one beat way to handle the problen. One of my strong conviction., baMd 
on my own atie^tsTver the years and on conversations with other. Jjf J*""''" 

is that the successful course is one in which the professor dlscwses topic, about 
which he is enthusiastic, rhls enthusiasm »ust be combined with . cMtalj Mount o« 
mlBSlonary Eeal which translates into a willingness to start at a l^^tl of »i;Pl« 
incepts so that students can be carried along (albeit vlcarlowly) to th« eonttm- 
porary growing edge of knowledge about whatever It is that la the choiea topic. 

I think the day has passed when we can expect to have l«g« captlvt iudljncei 
in required survey-type courses in science. My own stiong conviction Is that fot 
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rne nnnaclence major, whether declared or Just Inclined, the best way to instill 
sorae appreciation and hopefully some understanding of modern science Is with an 
upperclasg course . My own course in a four-year college is populated about half by 
sophomores, half by Juniors and SGnlors. The buccese with sophomores Is ho ue^tly 
equal to that with upperclassmen that I feel justified in urging you in th« two-year 
colleges to plan in a similar way. The sophomore is past the major psychological 
hurdles of adjusting to college-level intellectual activity. He or she has sarvived 
the inevitable wesdlng'-out that a freshman curriculim provides. He has begun to 
give some substante to his interests and even career plans. He has begun to recog- 
nl^a a personal ftaiae of reference on which he c^-: hang some relevant ideas which 
admittedly may be more "cultural-' than utilitar to his plans. 

Today *s student demandB relevance—TO are in no way abbrogstlnp our prerogatives 
wiien we recognise this in choosing our topics and planning our discussions* Science 
is a part of contemporary culture^ and we must be willing to be a bit obvious about 
saying so. Whatever the topic ^ we can include both the scientific principles nnd 
the information about technological applicatlona. One without the other is starlle. 
The atomic and molecular structure of oxygen and its inherent properties need not 
be illustrated only with decomposing KCIO3 burning steel wool* Powering rockets 
with LOX and cutrcpLlcation arc more to the poiu::. Thermal pollution is tb^ con- 
aequQUce of the second law of thermodynamics. The same chemical equilibrium involving 

O2 and NO is responsible for starting smog that has supplied minerals In our soil 
for eons of time, 

I think there is a crying need for supplying S4.me depth of miderstandlng™lii 
terms of the underlying scientific concepts — to all the ^Temmt furor over what is 
happening to our environment. We all know perfectly well that it is not an impersdnal 
technology that is reaponsible. It is man^s use of tachnology. But non-scientists 
need to have this spelled out! Men and woman can decide collectively only on the 
base of Individual wi&dom. That wisdom can be nurtured only by information. Supplying 
that information and describing ±s relevance is our job. 

My own feeling is that we owe students the additional dimension of sotc hlstor-^ 
ical perspective and even some philosophical implicatlona. In the nonscience student 
we have a more sympathetic audience often than with our beginning sclenee-'career'- 
oriented students, A whole lecture on the history of ch^lstry or the philogaphy of 
science still will be deadly. Rather ^ these sidelights or Interpretative Interludes 
belong in every lecture* There is a delightful absence of pressure to cover ground 
in this course. Some very real advintages in terms of wderstandlng scientific 
concepts accrue from showing how they have developed. Orbitals and wave functions 
are a little less mysterious If the shortcomlnga of the Bohr orbits they repiaced 
are pointed out. The genius of Bohr's break with tradition^ thm really Impartant 
contribution, can still be appreciated. Also soma historical parallels to modern 
problems are enlightening,. Lead poisoning ^ a conaequence of drinking wine preserved : 
with a grape-sugar syrup cooked In leaden pots may hava contributad to the dabillta^* 
tion that led to the fall of the Roman l^i^ira. In j^ust tht sama way today we nay be 
victims of a technology based on incomplata inforaatlon. And it may not ba too lat% 
to remove lead tatraathyl from our gasolina! 

My course has shifted Its topics every year for twenty years. Fifteen yaars ^ 
ago wa spent a long time on nuclear energy and fallout* Five yaars ago the major 
amphasis was on the chemistry of Ufa rad heredity* Vw the Imttar has shifted: - 1( 
motm toward tha problams man-s profligate use of rasources has crested for the .l! ! 
maintenance of a satisfactory balanca of life on our planet/ In avary easep I thlni^ 
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It im<i-c to deal with the contemporary questions In students' minds. They need t^>: 
im:omation-.-not jusL uhe «npirlc"1 £^ct9--but also some undergtandinB ol the under- 
lying broad scientific concepts, '■h«^n--and only^-then will they be able to distinguish 
facts from opinion, to recognise f.'HM.-n in popular reactions to current dilemmas and 
hopefully to develc the wisdom for ae-'sion in our prasent-day t^orld. 

DiscuL^ion with Professor Kieffer. 

Professrr KlpH ir's tejctbook will be oui; March published by Harper and Row, 
Publisher*? " k" r> rcvp his class with acslgn-d roadings outnide o£ the text. A 
useful referinc.' i;. Y.ang^s M yBt ery of Ma«- ^UKford) , which is a colleccion^oi 

wiio were reaponsible. The rest of the time Is f^Ued in oy lecturinB. 

question; There is a mixture o£ intarasts 1- ^.be claaa. What do you teach 
heterogeneous groups ^ and how? 

Answer: neterminR strudent group interest, avoid proccfls che: istry, and hit^ 
upon economics and socla^ mterescs. Use the "Gee--Look at thiar i-tituca, ^ 
should be placed upon the broader implications. Discussions should be in sucn termB 
as H,SO. that could be produced from coal. Get the students Involved in the discus- 
sion? Exam questions can ask for discussion of potential poflitive economics of 
pollution control rather than ask for the H2SO4 preparation equation. 

Question! What class size does this work for? 

Answer: Up to 50 to 60 people. Calling on students by nama la essential for 
rapoort. The teacher should try to draw out the quiet student and ucil;! down the 
overly responsive student. "Mirl" research projects could be assignca to itudents 
to get them to answer their own questions. 

Question: How do you determine which students will register for this course? 

Answer: There should be no prerequisite. Since transfer of courses is a 
difficulty, a two-year college might have a problem with this course. The course 
will not transfer as a laboratory science. It Is not Intended to be a first course 
leading to further science. It was suggested that It be transferred as a Humanities 
or Social Science elective. 

Question: Is this material ever included in a 3ol«nce major's course? 

Answer J Don't just consider implications— basic scienae facts twst be worked 
in. The framework Is: Principles make Implications clear, ^plications lead to 
the study of principles. Story illustrations should b% used. This course is a 
Cull college level effort. 

Question: ^'Jhat tygft f^t e«ain should be given? 

Answer i The exam should be one-third objective with a simple problem, and 
two-thirds the student's impression. This means their coBiieBts on quotatlonB In an 
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Questio.f : What about: exams for students who do not write wcJl? 

An^we^* Th^y conld drm-j di-^v^^ _ nh<^arvations of things that have some" 

thl/.f^ in th^r^'u Khnt is OTOir^. ax ao an expu.. aI: and report thc; re^sults as thny 
interpret thfciiii* 

Question: What about th© metric system? 

Answar: Go easy on math, "The kids are math tone death*" Use commonplaca 
c.-amples. Try to present rhr^ course as intellectual fun. Some talks .?bcut 
measurGinent giving the advai ge of any raeasurement in the decimal system should 
given* The course does not force it. Give the u Aeui n realization of experimantal 
nature of our scienro. 



Gerald F. Grlllot^ Syracuse University 

I must admit that I bw at f^i ^^^vant^R*^ in f^iBcn^B'^^^ rh^^. piihip^nt pinr^^. 

am cuurse in nursing chemistry that I teach is part of a baGcalHurciate program 
leading to a B*S* in Nursing Education* However ^ for several years I was involved 
in the teaching of chemistry in a three year R.N. program for General Hospital in 
Syracuse. 

Chemlatry must certainly be considered as one of the basic sciences in the 
field of nursing education. The course in chemistry should not only deal with basic 
chemistry but should Include some elementary introduction to organic and biochemistry* 
Chemistry must serve as a prerequisite to such subjects as phamaey^^ pharmaceutical 
arithmetic, drugs , nutrition, dietetics iml clinical courses in medicine* Furtharj, 
chemir-try should serve as ? most useful b.:Xk£round to the study of physiologyp mlcra- 
biology I thert'peutics and pharmacology. How can any student in elementary biology 
really appreciate this science which is bast more and more on molecular structuras 
if he has no knowledge of chemistry? With such a background p the studies of 
glycolysis, the citric acid cycle, the role of the nucleic acids in genetics and the 
biosynthesis of proteins will be much more meaningful* 

Today there ±& a groT^ing pressure for the nursing studenc to complete a 
baccalaureate prograuu Any advancement for the practicing nurse is generally 
blocked by the lack o£ such a degree. She generally needs a B,S* degree if she 
plans to go *nto supervisory positions, into nursing education or public health 
nursing or to become a school nurse. In this matter, I do have s^e experience^ 
1 frequently advise our School of Nursing concerning the placement of returning 
RN's in chemistry courses. Many of these students with inadequate backgrounds in 
chemistry are required to take our basic nursing chemistry course. Every other 
year we offer a night section of this course for such students^ so they can con* 
tlnue their education while on dayt^e nursing shifts in our local hospitals. Based 
on the above facts, 7 not only recoraiend an adequate course in chemistry for all 
nursing students ^ but It should be acceptable as transfer credit to a collegiate 
baccalaureate progm in nursing. 

Although the National League of Nursing, the National Student Nurses ^< 
Association and the Merican Nurses Association ha#e deplored the millateral action ' 
of the ^Mrican Medical Association, their Baaird of Trustees annomiced in the 
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mh News that the latter association propoeed the use of specially trained nurses in 
the practice of medicine, I expect that these groups will coma to a iiutual agreement 
on such a practice* It is proposed that nurses so trained will be working in the 
etnplo> and under the aupervision of en M,D. The use of nurses and other health 
professionals should buoy the physician in such a way as to eKpand markedly the 
physician ability to serve his patients* Th^ use of these professionals would 
permit them to make house calls and prcvide home health carep which should raiult in 
fewftr hospitalizations and earlier discharge or those hospiicali^ed. This information 
has been called to my attentlDn in the most recent News Latter distributed by Alpha 
Epsilon Dalta, the pre-medicnl honorary fraternity* I hope that no out of our capable 
i.urs:fng students is deniec th'2 opportimlty to take advantage of a chan^^ to paiftlci" 
pate in thi^ limited medical practice because of a limited background in the basic 
Bnianc^.s , 

Out: School of Nursing has aever had to be convinced of the need of chemistry 
in the piogram. They requiye a high school course or a senester of the standard 
ganerai chemistry course before the student is accepted In their program. I am sura 
that admission to the program depends upon the student's performance in har high 
school course in chemistry. Although n proposal has been made that an alternate 
Fc'' ^o*'k V.e^e'nt^^ ^-^rr^^ ^>^^m1.^t^^^ qhmild bft established for prespectlva hotnn 
economi.sts, nurseB and other healtn sciences that would be much less theoretxcal 
and mathematical than the recently adopted currieulifflft and Regent's Examination, our 
nursing faculty in clinical medicine and surgery were quite insistent at a meeting 
on nuri^lng education sponsored by the Board of Education of the City of Syracuis 
that high school students planning for admission to our school should continue to 
follow the present Regent Curriculum in Chemistry, 

In aumiaryi, I must say that our problem Is not whether ch'imlitry should be 
In^rdude^ in our nursing education programs but rather that we must always be 
cerned with the selection of material from this science that will be most useful 
for our nursing students. For Instance ^ ehould we include under our discussion of 
atomic structure a discussion of atomic and moleeulair orbltals and ^thelr relation- 
ship to the structure and properties of molecular structures in organic and biochemistry? 



CHEMISTRY FOR NURSES 

Bernardlne Halllnans National League of Nursing 
New York Clty> New York 

In my visits to various colleges and universities across the country I have 
noted an increasing concern about the adsqaaey of the present science courses In 
meeting tie needs of students In health related curricula at the associate degree 
level* For this reason 1 was happy to have the opportimity to attend this ttoely 
conference* 

I would like to introduce my r«iarl^ by stating that what I w about to say 
does not constitute official National League for Nursing policy. The iMgue Is 
a voluntary 5 membership agency and the m^abershlp of the Departfaent of Associate 
Degree Progr^s has not made any official stat^ents for or agAlnst^G^^blstvy in tha 
currlcultaB of associate degree programs* Ct^llege adalnlstraters and faeulty often 
ask what the League regulations are regarding vaieletta Aspects of prograis dfevelopa^t, 
but Mr^ Griffin* who is the Director of the^partmmtp and each of hli ataff Hxnly 
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believe thai C'lcli 'nRti^^ut Lan muhiL develoy^ • profxrrm which Jitn wUihva the philosophy 
and ohje "u.ivn3 of itn ovjn Echoi^X 

SnniG of: i.:h/ L^-'op ' tlii^t^ meeting nuiy have had c^. :^^ersations ^ ith re or other 

mimjarj t:hv?i Si:a.::.- x li'ie Dep£i::tmeni: of Associate Degree Prograiiis of the League^ 
Those who h£?ve ^ imdoubtedly know t^ -t the general feeliug of the prti-aent staff is 
that most cheTnisti}^ courseF n'5 t^ '-y arR presently being tauf^hl do not meet the needs 
of i^hf" ''B'iii... ae,^Oi.-iita degre.2 nu.= 3ing program, 

I was -.sked to talk about ^^Chemlstry for Nurses but before I can do that I 
vnufit: Qferina ;fhat I mean by a nurse* I am raf riing to the perRon who is nre^:)ared as 
a technical nurse or nur^e technician. To ps iphrase the Leagu^i's ^tsfin:ftlou of a 
technical nurse: "Somaone who is pre-"^red to ive bedside ca"e a*id to perfor^ii 

ai::f^/ prof essi :>nn 1. nurse,'* The f^r^K:h.^ata niirsft froin an assoclata degree progra'Oi is 

j'eat program* 

'iU-' ' y" .:vL the leve^ nf p-actitioner has been defined^ v. can diecuss the relation- 
ship bel,^.^e cheini^ ry Ls.d the associata degree nursing curriculump In the original, 
^^.p^^ijl^iiant^ w^ocxt^iu^j uegrtisi nWiiB 'xig programs some offered chemistry, but the 
niajorlty did not* This variability was expaeted because both stata and school 
requirements had to oe met , and the nursing curriculum aad to be davaloped to meet 
stipulated requiremants * The presence of chemistry In the original programa can par"^ 
haps also be accounted for on the basis that schools were discouraged from davaloping 
courses specifically for nurses* Since chemistry was offered in each of the schools j, 
k.hc existing course was utilized for thj new program. The two reasons which were 
just statad^-state a^id school requirements, and availabiiity of a rhemstry course^^ 
were further affectad by a third factor which influenced the inclusion of chemistry 
J .1 s >me prograuiS, and that xs trad:::, LiL i" * A fcurth fautur -« lich conociously ui 
unconsciously affected placement of chemistry In the curriculum has bean status. 
The inclusicn of chemistry is viewed by some as raising the status of a curriculum 
which is technical in nature. (We must all admit that in many collagas the faculty 
and students in technical programs are often viewed as having a lower status than 
the more tr^'ditionally oriented curricula,) 

I am sure there are other reasons too numerous to state as to why chemistry 
has been and is included in many associate degree nursing curricula. 

I have bean discussing what was and what iSp and would like to continue with 
what it seems ''will ba," I discussed this with Mr* Griff ttts tha Director ^ jnd the 
other staff members. I also reviewed the nursing curriculian of all the established 
programs that have recently applied for N,L,N* accreditation as well as the nawar 
programs that have not yet graduated a first class ^ and have applied for Reasonable 
Assarance through our Department of the League* It aaema that of the older prograsis 
about 32% of them offer chemistry courses, of the newer programs only about 151 
offer a course called chemistry, I baliava I can safely say that the parcentaga ©£ 
associate degree nursing programs which offer chemistry courses is decreasing each 
year. 

Undoubtedly the reasons for not offering chemistry in associata degree nursing 
programs are as nvraerous as thoaa for Including it, but from convarsations i^th mmofx 
people it seems that the primary reason is that the traditional chamistry course Aom0 
not meet the needs of the nursing program, or other health related currlculai at the v 
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as^ cciate de^v'ee lev^ k . sti- ."c have been arid nre being done x^jhich indlLate thar: the 
knowledge needad by thi^-i iavel of practitioner co adGquaLely perform the tasks of his 
lob ^ioGB require a knn'i'\lQdge o:.' ch« various ycxenctSg but thau IrauiLional courseG 

nGrar;r'=r ilv the best v/ay to T>reE'mt iMv^^ nf-^eriTigfi. It appears that in gchools 
where tnn facalty have bean more concerned with entty-lr^el needs for the job and 
student njcads than they have been for tradition, faculty needs and meeting "require- 
ments" th^re has been a departure from the baccalaureate type of currlculLim development , 

What is being .substitute Jl for cheraistry? The course tlt^e which is most 
frequently seen Is '"' Integr^iLed Scienca." Most schools ^^u^lnde in thir ^^ourse prin-- 
uiples from physics, chemxnt^-% anatomy, physiology and oicr^biology . Some of the 
schools which offer this type of course have do^.r follow-up studies on their ,,raduateSj 

fnimd fbat rhc^-r have been succBSsfuI on both the licensinf^ eKaralnatlon and as 
practitioners in tne patient care area. 

Durixig ccm^^ersations wxth nursing and sciauce Li^uuj-ty membar^^ xn various .rchool;?- 
wharp fiiey o^i'i^ f}?fer GhemiBtr}^ thm reason ^ost freqnantly given for not offerin^t 
an integrated science course is that thern would be no one to teach it* I think tlat 
reassessment of the presenr sicience offerings and proposals for a new approach which 

as individuals, viet' the change from nhe traditional science offeTings to a more 
meanirr^ful approach thrill vary-*=but th^i change will ^oaie* 



CnmiSTRY FOR NURSES 



Vir^^inia Bryant Jamestown Coiraunity Ccllege 

T ^im not sure hoxN many of you have Associate ^'^egrea Nursluf Progratos a": your 
colleges or if you are about to start thein. Before I get into the role of cnemiBtry 
in Associate Degrae Niirsing, X will give a little , quick background on the philosophy 
of Associate Degrc^e Nursing and why these programs v\ire started, 

Mildred Montague ^ in 1950, due to the shortage or perhaps mlsmanagemani of the 
nurses that were available then, sat about to find new ways to eduaaia nurses that 
would take less time and would be located in a new educational setting. She dascribed 
three areas of nursing functions to be performed jy ^hree different types of nursing 
personnel* rirst was to be the aide or the assistant* This person was to be p*^-- 
pared by the agency Itself md I am sure all of you who have been hospitalized or 
have had someone in the hospital have seen the aides or orderlies or a type of nurse 
assistant arouni t: institution. T.ie second type tb^t sha described was a para or 
semi'-prof ession^.' pcirson, the technician* This would be the Associate Degree nurse 
graduata and/or tho diploma graduate, (I am not quite sure that we have convinced 
thCT that the: are :echnicians yet*) The third group is the professional nu .ae, the 
graduate of the baccalaureate program. 

While it is the third level, or prof ass ionalp nurse that makes the major 
decisions regarding the basic nursing care and who requirae extensive praparatlpn to 
prepare for responsibillLla^ of l^^Jership, it io tha para-'prof esslonal or the 
technician nurse who is found at tha patlant's bedsida and who ffiuit be dapanded upon 
to give safe and comfortable patient care. In order to give this kind of earep there 
is a certain amount of toowledge that must be brought to tha patlsfit's ^^dslda by tha 
nursa* 
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Hcl-crn a/^cl -r^^gg define nursing as m art: imj on to deSi.i iDe art ae 
"A body nf pracr;-.a1 knowiedse that tRlls ha^^ tc wc^k to produce certain results." 
ThGy then say t:hBi nursing an art r-aquire?. ^vmpathetic heart and willing hands, 
They also define rMraiiig vb a science, *'that vl ares a sound, broad type of edtica- 
tion ar?c^ a tbnrougn knowledge of humaii nature 

Tlie sciences that lend themselves ru nurring are, as I am surn you all knoWs 
Psychology, sociology, anatomy aad phyf^iologyj clieralstry, microbiology and physics, 
Berause of the iimitaticn of time in Associate Degree nurse programs (and I think 
liiai: io3t programs are still :c *:nined in a four seraasterj twj year type of Betting) 
^1- ■^'^'^ :^nceo crtnnot be C:aup!\t :r their entirety. Each rmrH'ng faculty must make 
difficult d€ci£;lons as to what ^curT^s \7ill be incl?ided .^t e>'cluded in the allotted 

can be taught and In which 

the s:^.nipls to the cciuplei;. 

MoBt asspciate degvee nursing programs beg^a with the normal needs of the 
oatientF and proceed to abnormal deviations* Concurrant i^^l^h nursings' normal needs 
shou^^d also be taught th^se sciences which lend thanaelves i^o normal body functions* 
=^4.oug cuuiius - o t.k^ aiiai.uiiiy auu physiology j physics, chemistry 5 psychology and soci- 
ology. If \w couici include them all^ that would be the gamut. Usually anatomy 5 
physiolngy and poycholo^y are thoBe if choice* Physics and chemistry are frequently 
eliminated imless they c-re taught by a nursing instructor as she seas fit in a 
specific instance* S ^clology joins microbiology in being postponed until the second 
year* 
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With thfebe definite deficxencies in mind ^ 1 would like to emphasi^a the need 
that nurses rave to understand the normal body functions In order to perceive the 
ciii^e of the patiiGat: whos^^ normal functions hav^ been interfere.d with for some reason 
or other. In discussing with registered nursew t^heir usa of chemistry in their 
nursing practice ^ very few could recall specific formulas and/or chemical factji. 
However, all of them que ted broad concapta that had been used until they had been 
integrated into th^ir routine knowledge for care* These are the types of chemical 
concepts that any person in health related fields shruld know* Probably this Is the 
SBmB information that most non-'chemlatry majors should have available to them and 
this would hold true with other scientific knowladge as well. 

Some of the broad con^^pts from the discipline jf chemistry that I feel should 
be otressed deal with the physiological functions of the body as follows: the* 
process of dl: emotion; oxygen's use and tranaportation to the bodyi the Importanca 
of carbon dloKide; the production ef heat in the body (and while some say this 
reJates only to physics, I have a notion that chemistry is Involved here); enzymes 
Md their importance | drugs, their use and effects on the tissues of the bodyi and 
wfcter balance, electrolytes, acids and bafjes and the pH scale* Thase are only seven 
areas and I am sure there are many majui: concepts which come to your minds that 1 
have elimtnatrd* No doubt each individual nuraing departawnt would add specifics 
which would be helpful in your college in the health related programs ♦ 

At this point I would like to stress the need for a conblned science course ! 
which would Include broad concepts from each science that deals with body structure 
and function and sllmlnate the spe^ilflcs in the discipline. This night be done by 
team teaching or by developing a core curriculrua ^Ich could be taught by a member 
of the science faculty who is particularly Interested. This course should not be 



geared specifically to uurain. .^tudenus, bit to all students in health related 
fleids and should also te available to a?iy liberal arts Btmmt . 

Tn coiicluBion, I wu-ld lika to rcitc:::-t:s thnt in orc^r c^^^^e -^^^ 
comforUiUi-O lursing care Associate Degree nurses or technicians naed somo caemistry. 
They do not need to memorlEe formulas nor can th^y become skilled chemistr in ^he 
short time allotted to their program. They nend to understand basic chamistry conacre 
that will help tham tmderstsnd what is takli.g pl^ce irin::d. their ctm bodiee as wall 
as thosr^ of their patients, ana why sickness alters the ii..^mal func loning of that 
body* 

I would like to challenge someone L ^ak new and different ways of tsaching 
. _ . ^.^^ otb^'^ that t^e in nurslni; can concentrate 

on rurrs V, ^ ^.ou and lea\ i the sciences to tua nreparea science ul:.. .:i.-r: . 



CHEMIS TRY FO R NURSES 

George I, backiieim^ University iliinoi:: 
Chicago^ Illinuls 



I have been asKsd to speak on chemist ;y for the haalch sciences from 
the author's point of view/ However, it is a littla difficult to disaaeociata 
myfclr from other paints uf view. i cannot help but look at it from the teaching 
point of view, si ns I taugnt nurses for about ti^enty years, I also ynderstand 
the perspective of the National League of Nursing, since I have also been Involved 
with them for twenty years. 1 am one of three people who wrote the Chemistry 
examination for the National League of Nursing, Study the eKar^lnation in 
chemistry shows that there are really two eKamin^tlonF. - not one - with an antirely 
different passing score for the baccalaureata program as compared to the diploma 
program - although it is still the same examinatlott# 

However, I want to discuss this subject from an entirely different poitit of 
view. I am going to bring out my crystal ball and make a prediction — RO way 
out on a limb as it ware. You may not agree with what 1 say, and we could argue 
about it. But X have a feeling that in about ten years or so we will not teach 
chemistry . I have a feeling that this will be a course which will be completely 
outdated. Instead, 1 am going to proposa a new course that we are going teach, 
Selance for Nurses . This, I feel, will be the thing that we aM going to do 
because Tt^is more practical* Today we not only teach eh^lstry to nuMes In the 
chtmlstry program « the chemistry of the various reactions involved In body ftmctlons 
but they also take a course In anatomy and physiology and they get the same chwlstry 
ag^ln. In all the other courses in nursing the same ohamlstry Is repeated again, 
EKcept, as I have had students tell me, when they take a course In chemistry 
and there is a certain queition on the eKaminatlon you have to answer It In one 
way, but when they take the course is physiology and the mmam question Is asked 
a different answer Is required. When they take a course In nutrition - the mmm 
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iihin^ - •i'? -."^"-' aQaiii S(.3 cha puobiiitn -.I'a: ".y ^ ^'Ivhat d^^es Lhie teacher waiit?^* 
rather charij ''What is tV^., correct nnswer?^' So^ I proposa then^ an integrated 
science which v;ill consist of Chfc> chemistry partj naturaJl>% but the chBmistry 
tied in with physic.^* Physics in an tmportant field which iacludea gas laws^ 
meahnnirSp respirations body product xun of heatj energy, and other aspects of 
physics* It is tied in with matheiuatics » But where does one course stop and 
auQuher begin. Obviously the integratad science will have to be tied in with 
ana£omy and physxologyj body fluirln. bloody urine, FK'tabolisms homoneSj vitamins, 
etc. This is chemistry hut it is iso physiology. Can you te^ch physiology 
without "^Ti'^.t n-v." ' ■"■ '7^'^-:'"^:; ^' p.^^f'-' n^."!. iu^ej?rstGd ^nd L=^nFb!" bs s Bcicncs- r 

means riuch more to ch^^se studc; 

Then there are areas socn as genetics , a rather new area in chemistry, 
the chemistry of heredity. UerediLy is *.aught in many biology courses. When 
you go into the cheuilstryj how can you separate the biology from the chemiscry of 
the DNA molecule and uae various malf iinctions that take place in the body because 

sj i 4^ n ^ ^ C G iT X C ; y O f. *' = ft IC C ^ L U C 47 X i ; & x i-- i ■ ^.i \ l X 8 C Jl~ y o.U ? B ^ ' ' L H U gU t t Q e T = 

Another allied area- the use and abuses of fo; drugs, %zn. ^ with pharaacology* 
Can you separate the pharmacology and ttses of drugs from the chemistry of them? 
And here wa go overboard soEaetimes in one area and not in anoi^her. We read quite 
a bit about the use :f LSD and the effect on chromosomes* LSD breaks chromosomes ^ 
but what about other things that also break chromosomes* ^d there are other agents 
which fortunately do break chyomosotnes In the same amount, but which do break 
them never the less* One of these is caffeln, which is not publicized, but It 
will affect chromosomes* This is ^ he stuff that we have got to bring Into the 
teaching of science. We hnr/e got to bring in the idea of radioisotope technology ^ 
the chemistry and use of it* It should Include study of Isotope for diagnostic 
and theraputic use and the dangers involved the chemical and physieal dangers. 
The idea of life eKpectancy - life expectancy effect^ due to radiation - which is 
something that is never mentioned* We are Just beginning to talk now of life 
expectancy due to smoking (one of t.he things which affects life eKpectancy) and 
part of this is chemistry* 

Today, with all the emphasis on pollutlonji how can we talk about pollution 

without talking about the chemistry of it? 

So, as I look at this, I am going to predict that this will be tile course of 
the future* We are going to teach our nursing studsnts aclence as a whole and not 
have it tau^t by a chemist ^ but taught by a t%am^ Including a chralst, physlclit, 
mathematician and a physiologist* As with any type of currlculim, the moat ImportWtf 
thing will be the feedback we gat from the studsnta and the tsachars^ Then w# cTO ; > 
go on from there and make our plans* How this Integratsd progrw will work, I dan^t 
know, but 1 feel that it is going to have to aom If we ate to give our atudents a 
well«rounded education. 



IffllTIHG miAWOm OBJECTIVES 

Ellen Bardale^ Vincennes University 
Junior Colleges s/inamnmp Indiana 



A physicF; professor gava a nm^ barometer to one of hie stuuenta and asked 
him ho^'? he wotjlci or j the barometer to dateraina the height of a tall downtowi 
building* Attav a few moments, tha student said, "1^11 take it to the top of 
the buiidings tie a ropo co it and the borgmeter to the ground. Then lUl 

measure the leagth ok rupe used with a mtter stick." 

of another solution. After a little thought, tha student aaidp ''I 4.1 get a stop 
^jatch, the tow of tho buildlnR. drop the barometer t t±mm its fall and cj^l- 

culate iiiie hel^^-^'Z of tha buildirg from that data.'- 

The profe'^sor admltterl that would give a reasonable answer^ but that 
was not tha proceaure he had in mind* The student had another procedyre^ Weilp 

^ f - . . . . - 1.-.. ..... ^M'? 1..^..-. Nt.^ 1-,^^*^=^^^^,^ 

he'll tell me the heigliC of the building J- 

With all due raapects to Torricellij the student had idantifitid three 
procedures which would answer the original request* The professor had simply 
pot stated the request carefully snough to permit only one route being usad to 
get the answer. 

TellinA the student exactly what is eKpected of him and what Informati 
he is to us^ to reach th^. specif led end point is the puypose of behavlaral 
objectives. The term '^behavioral objective'* Is often confused with course 
description. In general* a course description tells something about the content 
of a course and the procedures that are to be used* A behavioral objective 
specifically tells a atudent how he is expected to behave or respond after a 
given topic has been covered. Most Instructors start a course knowing rather 
precisely what he intands to accomplish* Howweri It is frequently difficult 
to communicate to the student exactly what performance is wpected ©f him* The 
fact that you will cover Atomic Theory does not tell the student what he must 
be able tc do after the coverage* Must he be able to solve the Schroedlnger 
Equation or do you ^pect him to draw a Bohr model representlon of a Lithium 
atom? This is the situation which behavioral objectives are meant to simplify* 

After the 3tat«Bent of behavioral objectives have help^ you determine 
precisely what you are to teach, then the tmt^ problCT booka, refarencesi 
movies * audiotapes^ fitld trips* lecturM* probl« eesslonsg «perlmtnts and 
computer assisted instruction aids can be selected and planned* Preparing testa 
enable you to easily evaluat© the progress of the student In meeting your stated 
goals ft 

With tha stated objective* the ^^i^Jteui. abli^ t%j av*^la&fcft himself 
he progresses through a topic. He does not find it necessary to psyche«out the 
inscrutitor. 

A meaningfully stated objective is one that suceeeds in eotmunlcatlng Co 
the reader the writer's Instructional intent* The principle referanee for 
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prepairing behavioral objectives i^i Prepa ring Instruction al Ob j ^.n:iyeg by 
Roberf: Mager^ Faaron Pitbiishers, Palo k'^rn^ C^ilifDrnia, 

Frequently, teachers ^alk in terms of '*to know^'' ''have an jjiderstandlng 
or,-' ^'haw an appreciation for" and "to be able to use ctiOTistry." In chemlBtry, 
each of us has our own perspective of what we mean when we use those terms, 
1ius^ we may be able to get a better perBpectlve of their lack of clarity if 

look at the field of art* We might even take a course called Art Appreciation. 
Our goal for taking tbo course might be "to get an appreciation for!'- But are 
we refering to painting, miu^ic or ballet? How will we huw when we have gained 
an ap"*rf^ciation for art:?? 

aule to aormunicate by using these "open %^7ords/' However 5 for instructional 
r-i^rpo^ns . we c^n nnd ?^hould be far more p ^"ecise in identifying our e:^:pected 
outcomes from the teaching or learning process. 

When prepariug behavioral objectives, we are concernai with: 

1, Identifying the terminal behavior, 

2* The coi> ^ ir'us tMicier wiixcn s tuLiont wx^j 

3. Sr ariflcation of the criteria u^^ acceptable performance. 



The Curriculum Conmittae of the Division of Chemical Education has been 
working on the development of behavioral objectives for a number of chemistry 
courses. Some offeringB by committee members have ahown the difficulty of 
preparing good behavioral objectives and the advantages of having other peraons 
react to an objective before it xs passed on to £% Btuuent, 

Preparing the objectives quickly leads one to the conclusion that there 
are action verbs that must be iiaed frequently if the objectivei are to be precisfc^ 
and informative. As behavioral objectives are developed , it often appears that 
we are eKpacting much more from our students than we have suspected in the past. 
It becomes very important to make statements that convey the message intended 
and many behavioral objectives must be rewritten many times before they cease to 
be ambiguoua. 



WRITING BEHAVIO RS. OBJECTITOS 

WilllM T. Mooneyj El Camlno Collage 
lorranceg California 

The materials and literature artinles suggested rafeMncas were 
"New Dlrectioni for Chemical Education lu High School" and "Independent Study 
In High School Chemistry", by James Detose, and "Academic Progr»i Planning by 
Network Analysis" by Vargos and Taylor, 

When writing bshavloral objectives it was suggestsd that at least two 
people work togatheir. Objectives should ba tmmd^ then be acted upon Bmd discussed^; 



The questions that s ild be answered about caach object ^ve concern the appro - 
priateness for the course, workability, taachability , testability, and are they 
properly stated in terms of conditions, parfomiance, and center of accompl ishiiiuat . 

A program waj reported where objects were written and students werfci 
allowed to progress at their own rate by using taped lectures and an available 
teacher. If the s*^udent had not successfully completed the work at the md of 
a sameater, be had a semester to make up an lnco--jlete. Pre- and post-testing 
were used. Aa mentioned, this program included an opportiinlty for Interaction 
with inn true tors. It was found that this was essential for the success of the 
program., A £ew students were able to listen to the tape, take the test, and 
go on to the next unit; however, most took mora time and needed to get help 

Some of the teachers found that putting a time limit on a student: 
actually helped a student. It was pointed out that many objectives are given 
withouc^ using the exact form and verbase s-i-gested by the authorities rmd ara 
generally quite effective. It w.w suggested that a bank of behavioral objectives 
be entablishad so that all teachers could draw on them when they needed them, 

^ t^.. ^ ^.^^ • , = -.l-p *-i---s ^'-^nrhBT COUP: vtpbl ^"^^ fnrr'.l'nf? biiTi to SB"*^ whflt 
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he wants a student to learn before h^. teaches it. It was questioned whetUar it 
was fair to the student to tell the student no specifically and ccmpletely what 
he is eKpected to know. Will this not weaken t:he student when he is in cowses 
in which objectives are not used? 



BFHAVIORAJ OBJECTTVES ANT) L^OMTORY TECTNIOTO^^ 



Jay A. Voungj Carleton University 
Ottawa I Canada 

I would like to emphasize the practical utility for the teacher of his 
specification of the behavioral objectives. Too often, whan behavioral 
Dbjeetlves are not alluded to beforehand by the teacher, thera is a tendency 
to give the student mora to do than the student Is able to accomplish in a 
raasonabla time. This is particularly evident In the teaching of laboratory 
technique. The number of different behaviors that we ocpect the student to 
achiave in even the simplest series of related exercises is clearly more than 
we can reasonably expect to be achelved within the brief time of the typical 
laboratory period unless these are carefully plannedi in advance. 

Today* with the availability of all kinds of multl-inedla, some people 
hava suggested and practiced the teaching of labcj^tory technique by the use 
of motion picture films or TV tape* It is clearly evident that with few 
excentlons, real motion Is unnecessary for the effective teaching of laboratory 
technique* That isp th. ..Ime required to learn the rydimants of even a 
simple technique Is usually much longer than the time the student Is exposed 
ta that detail when a film or TV tape Is run* Since students are not Inclined 
in general to rerun a film or tane more than perhaps twlea at most, the details 
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are not learned* On tho ochor hanr: x;it:h the use of slir^e5, ta© student l n 
dwell on any p^irticulur poinu for r\-s Ion- as ue pleases - 'd can in addition 
easilv Ro lu^cli in the slide gGquenco to ravUw that matter (insusad of having 
to wait until a loon of film recyci r; uhe appropriate place for bim) . 
Additionally 5 slide- sre much inDre :r and inexpenpiveiy edited than 

films or TV tape. Once a niotion has been permanently inscribed on film or 
tape, the author of the material ±b reluctant, and understandably so, to 
undertake the relativel/ difficult and tedious step to reshoot the erroneous 
seATnent in a propGr v;av. It is relatively easy on the other hand to remove 
a slide or twn fror a sequHiic^ and insert replacement« . 

Additionally, it is well known that altbouph some inGKperienced professors 
and teachers can indeed aiake eKcellent fiimSp in general this is not the case, 

T I ? r - .-^ n f a n r n b I pj^.. for th e in p er 1 enc ed p r o f es o r p h o t o g r a ph e r to 
produce rpnlly acceDtable hIx^bs uhan tt is ror uim Co sUoot accapcauie jiL'^^Luu 
Dicture film or even TV tape* 

All tliese arguments sug.^est that the use of slides and audio tape (with 
accompanvin^ Rmall ineKpen^lve t:oolclets) is the superior way to instruct 
students in laboratory teclmique, KKamples of this use of mul ti-^media for 

estimation and measureinent uf pH, generation of gases, determination of 
Fiolecular weights, and othars ^.ms presented. 



NEW TEACHING AIDS OR NEW USES j^OR OLD ONES 
(Abst7act) 

Robert Barnard, Ohio State University 



EKLC 



For the General Chemistry course, las instituted a number of programs 

to answer the problams for improving lnstrucf.lon in the face of large enrollmenta 
and the demands of teaching from a body of scientific knowledge which is increasing 
in complexity and size. 

The first program has been to facilitate the presentation of demonstrations 
to large lecture sections. Each general chemistry lecturer meets 250-300 students 
in a 350 seat auditorium. A student may sit as far as 60 feet from the lecture 
demonstration bench. In order for the students to have a close-^up view of exper- 
iments or demonstrations which the instructors may use to give substance to com- 
plex* topics, a large screen TV projector was Installed. A 13 foot wide TV picture 
is projected directly over the head of the instrucor. Demonstrations can be per- 
formed in front of a compact, self-contained TV mtt permanently mounted in the 
lecture bench. A portable video tape recorder and camera can be moved into the 
research laboratories to make video tapes of elaborate eKperlments using expensiva 
reRearch equipment which would never be seen by the average imdefiraduate* The 
video tape recorder is connected to the TV projector with a single cable connec- 
tion and operated by the instructor with no more difficulty than a motion picture 
projector.' "Live" TV presentations can also be made directly from a laboratory 
to the auditorium* 
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The instructor also has th^ copribilli:v u^rqi : Inf the lecture at fi.ny 
time A slide or segment of a moclon piccur^^ i llm at thii touca of a button. All 
prDj.-t:ion la accom.. lished wiuh sufacLunL voom illimination so t^Q student ti car 
tnirc noten nnnily* Th^ prnio-t^ d imagafs are large anough so that t.hermometer 
readingr for 'example, cai be taken from any seaU All equipmant is under control 
of the instrucror and is available on an imschedulnd basis. 

In the freshtnan la' oratory program a project has been developed to 
facilitate the pre^laboratory instructiun for fourteen thlrty^student . actions 
which meet for tihrae hour pGriods throughout the day. 

Previously, each of the laboratory sections was undor the direct super-^ 
viRlon of n r?radnate teaching assistant, but in the net: program a spectally 
traineu undergraduate stuaent as^xsuau;. a^^x^n^u. lu .^au.A ^.^^w^ . 

Under the direction of a graduate laboratory supervisor uhe student assistants 
carry thu burden of routine j /...^oratory problems. 

iwich of the laboratories is eciipped with two telavision monitors , and 
pre^laboratory instruction is carried into the laboratories through a thraa 
.1^. ;!i^t'nbuti^n ^y^fpm. The qoal is a consistant level of instruction 

at a uniform time throughout all sections of a particular course. Three courses 
in chemistry meet simultaneously, and each uses the TV on an assigned channel, 
A telephoue .cinecto each laboratory with the central TV unit ^lich la located 
in the laboratory area, and any instructor can call at any time for a re-ruri 
of a particular TV tape of film. 

All of the television equipment, video tape recorders, film chain^ and 
switching apparatus was sele^:ted so that the entire operation could be run 
by und^^rgraduate assistants as well as by the instructors, 

7wo courses prepare their laboratory instruction directly on video tape 
with the camera work and presentations being done by the instructor in charge of 
the laboratory progrr>Tn, One course has all their instruction u*. color film. 
Films can be shown directly over the TV system^ but in practice the film work- 
prints with the editing marks are converted to video tape* After the video 
tapes have been shown to the labs for one week, a careful evaluation la tsade 
and the instructors conments on the effectiveness of the film noted and corrections 
made e.g* scenes are shortened or lengthened, addedj corracted, etc. The final 
film prints are striped for magnetic sound and are apprOKlmately 16 minutes long* 
Narrative sound is used and is added at the TV central by the instructor, A camera 
poeition was established for the film series. We call it "zero angle" photography- 
the camera is positioned over the shoulder of the demonatrator and the viewing 
angle is such that only the hands or close-ups fill the screen. On the TV screen 
the viewer has the impression that he is doing the mnlpulation as the procedures 
for each experiment is outlined. Only apparatus used by the studants is in the 
film. Close-ups d^il with the techniques of instrment reading, etc. Care Is 
taken that data are not presented such that a student can anticipate the outcome 
of an experiment from the films. 

Each of the films is divided into four sections: Introduction to the 
feKperimentj nature of the problem^ experimental procedure, and treatment of 
the data. Each section can be used Independently of the other. Sections of 
the films are reduced to S-8nm cartridges the MPO projector and distributed 
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to the branch c^pusei of the imlveraity* Examinations eoverlng techniques could 
also be video taped and used as "trailers" on the TV* 

The TV laboratory Installation of film ehain^ two video tape recorders, 
28 TV monitors s with all neeesaary iwltGhing apparatus and cables cost approxi- 
mately $21,000, 

The basic claasrooa equlpmenti TV projector, wireless microphone and 
film projector controls are on each day from eight to five o'cloek. The instructor 
Is encouraged t© use the equipment because It ts always there In front of him ready 
to go; however, the use of a teaching aid in a chOTlatry lecture may mean a three 
minute demonstration with TV, or a 30 second fil^ clip. It Is not eKpected that 
the equipment will be used every hour of ea^ day. 

Computer general displays are being used in the classroom. In a large 
classroomi a CCI 301 computer graphics generator has been used to interface the 
TV projector with an IBM 360-50 computer, audi ttat the computer is under the 
control of the classroom Instructor. Data are calculated md displayed on an 
8 ft. screen in such a fashion ^at the students cw have Ijroediate access to 
alphanumeric information or their graphic Interpretation at their seats. 

In cooperation with the Bell btlA Howell Corporation the department has been 
engaged in a project to evaluate low coat color televlsluu, camera and recorders. 
Several of the chemistry color pre- lab oratory instruction fllfiiS have been con*- 
verted to one In^ color video tape foimat rad transmitted Into the laboratories 
to gage initial reactions by the students. 



DEVILQFMCTT QF iOl AroiO'TOTOM^ FftDGlAM IN CHmiSTRY 
TOR USE IN A FMPi«ATOtf CHPgitlT COroSE 

Paul Santiago, Harford junior College 
Bel Alrp Maryland 



Hanyy if not all, of us who have taught within the itmmmfotk and philosophy 

of the open-door policy of a comprehensive comninlty eollaga have had problMa 

with placement In freshiBen ehemlstry courses , and/or the developMitt of sona tfpm 

of remedial program to prepare a student to take the freshmen ehealstrjr eottfaa* 

At Harford Junior College I ims given the opportunity of trying to 
design a course for students yiho did not take ehemlstry In high school at did 
poorly In high sel^ol chemistrys but needed eheBlstry for their collaga eurrleii- 
ium choice. I decided to Include and stress the problea solving toples eharae^ 
terlstie of the first semester* these topics I have found to be the biggest 
downfall for most students. 

The course consisted of twenty-two lessons and a set of prograoBied 
textbooks . 

41 



33 



n 1 Lesson Numfeeji 



Lasson Name 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
10 
20 
21 
22 



Metric Systeni 

Signad NuTObers and Solving Slraple Linear Equations 

Deflniclon of Chemistry 

Chemical Classlf ieatlon of Matter 

Sub-Atomic Structure of the Atom 

Isotopes 

Periodic Table 

Bonding of Atoms 

Writinp Formulas for Ionic Coirpounds 

Calculs ng Formula Weights and Pereentage Composition 

Caleula on of the Simplest Formula for a Compound 

Balancing a Chemical Equation 

The ^tole Concept 

Weight-Weight Problems 

Kinetic Molecular Theory of Matter and the Gas Laws 
General Gas Law Equation 
Volume-Volume 4 Weight- Vol iwie Problems 
Solutions 

Definition of Electrolytes, AcldSi Bases and Salts 
Single Replacement Reactions 
Double Replacement Reactions 
Neutraligation 



During three summers — 10fi7, 1968, 1969 — I offered the course four times. 
The course was taught using the traditional lecture^ discussion, recitation and 
demonstration approach, stressing a large number of drill sheets with problems* 
The course was for non credit, but met as if it were a three credit course* In 
five weeks we met about forty-five hours* 

In order to obtain some kind of Indication of whether or not the course was 
bringing the students up to a level where they might succeed in a freshman course^ 
I used a pre-and post-testing setup using the Toledo Chemistry Placement Exam, 
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Toledo Chemistry Placement Examination Form 1963 
Make-up of EKam 



Part 

I, Arithmetic and Algebra 

II, General ftiowledge 

III. Formulas k Noi^nclature 

IV, Equations 

V, Algebraic Formulations 

VI, Chemical Problems 



total 



Items 


Points 


15 


15 


25 


25 


10 


10 


6 


12 


6 


18 


5 


20 


67 


100 



ERIC 



Order fromi Research Foundation 

The diversity of Toledo 
2801 West Bancroft Street 
Told^, Ohio 43606 
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Th« d«v«l0p678 of the nam suggest a maoTm of 40 on the test as a aut«^ff 
S€Ore| beiov Chls a student would be placed in a remedial freshman ehemlstify 
course! over 40 irlll be plased in regular freshman chemistry course « I used a 
score of 49 «5 or the 40th percentile rank as mf Indicator. 

#3 Toledo Chemistry Placement Examination 

Percentile Rank Scor e 



99 


88.8 




95 


80.2 




90 


74.4 




\jj 


f\Jm 3 




80 


67.3 




75 


64*5 




70 


61. 0 




65 






SO 


57,4 




55 


55.2 




SO 


53.5 




45 


51.6 




40 


49.5 


Used 1 


35 


46.6 




30 

25 


45.0 
42.6 




20 


40.3 




15 


37.2 




10 


33.6 




5 


28.1 




1 


19.1 





The final grade In tha ceurie was dete^inad hy the total nu^er of points a 
student obtained on the quiizes given for each lesson and a final exam made up of 
the Toldeo Chemistry Placement Exam and five other problems^ If a studmt got 
70% of the total niunber of points posslblet he would get a "C" org slace It was 
non-credit » an ^S'S All students below the 70% mark got '*U"* 



Table #4 shows the results of the pre- mi post-testing for forty-five 
students for four suniers« 

#4 Osing Traditional Jupwach 

Summary of Besults for 45 StudMts 

Percmitile Rsok Chmige in Rmk 

At Start At f iilish 

Average 9.1 39.4 ^30.3 



Median 5 30 -l^S.O 

As Indicated by the sumMry data» the average rank at the ffiSlsh of 

the course ras 39 #4 irtilch is very clpBe to the daslted^O* tens 

of AisAerSt 20 out of 43 studrnte (44.4%) reaelii^ ^|mA t^ade 

rnktag at the 40th peramttle* fbm remits f 6r r pilr^i^w year [.{^1 

seen te be Influnced by the cveragf stattiag grade dl ti« 6iaee« V . J^ 



Durlfig th€ aumer of 1970 I put each lesson on tape with a guldsahett tot 
•ach tmpm and workshaat. Eaeh lasson had a set of objeetlves In bahavloral 
terms and a quit setup In tepms of these objectives. 

The audio-tutorial lab was a reel-to-reel set so 1 could only put 
lessons per nlffht on the tape lab. 1 also used classroom discussion and demon* 
St rations, 'Hiis was a modified audio*tutorial approach. Class time was used 
to go over the previous night's lesAOns and to give quizzes. The remaking time 
was spent in the audio-tutorial laboratory irtiere students want through the tape 
lessons* 

i5 Results Using the Modified Audlo*^Tutorial Approach 

Student Percentile Rank on the Toledo Chemlsti^ Placement Exam 

St^er 1970 

Pereentlle tonk 

At Start At Finish C hange In Rank 

1.33 23.7 +22.3 

0 25 +25 



Jl^erage 
>tedlan 



comparison of Students In the TradltloB«l Approach Scoring at 
the Zero or First Perentile to Those Using the Modified 
Audio-Tutorial Progran 



#6 



Traditinnal 



Average 
Pafeentile Bank 

Average 

At Start At finish e^mn^m in Rank 
0,5 20.0 19.5 ^ 



Edified . 18 8 

Audio-Tutorial 0 18-8 ^^'^ 

The results. M»pared to the student, who .tarted at "0" perMntU^ in the 
traditional ceurae, were not sipilflcantly different 

For thi. MW.fr (Spring 1971) I *%L*J«S"«f i« 

aut the guideaheet., worksheet, and aniffersheet. into •J°®,>^;,,^f ^WJ^^I 
Se library and elaa. ti«e will hm uaed in dl.Ctt..lom «^ fl"*?""- iy*SIt 

to Sl-teaeh a complete leaaon 1£, in the di.eua.ion p.rl«*. ^ 
the atudant. did not get the ■atarial. 

1 hope te revise thi. a. a result of thl. Spring' • work and iuliWS th« 
capes and guldMhcee. for publication, 
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RECORDED DJSTRUCTION FOR PHYSICMi SCIENCE 



James J. D'taarlo and Sal vat are J, Rodano 
Harford Jimior College, Mainland 

We at Harford, Ilka physieal science Instructors at fflany colleges and 
schools p are concened with nalclng our physical SQlence course a more interesting 
md palatable experience for the student. To do thts we have begun providing 
audio and video tape reeordlngs in the laborato^ and indlviduai Interviews 
and pre-tests outside the laborato^* Topics toportrat to the course and the 
experlaent are presented on tape, as are exM^les^lch try to make the laboratory 
experiment meaningful and relevant. 

Our physical science course consists of 3 main divisions i Discussion 
sections^ Laboratory sections , Interview sessions. These cm be described in 
more detail: 

Discussion Sections Laboratory Sections Intervlw Sessions 

Dlalogxie concemlng the nature Audio and %d.deo tape Indl^dual st^ent- 

of solid matter instruction Instructor talks about 

Experiment-demonstrations Performance of experi- interpretation of 

Pre-tests and Tests ment laboratoi^ results 

QuIe on experiment 
performed 

This coB^lnatlon of recorded Instruction^ pre^testSp quizzes ^ and individual 
Intervi^s allows a considerable degree of flexibility. Since bMlc information 
is recorded, students can do experiments outside of scheduled laboratory times « 
The recordings often encourage student curiaslty by limiting student frustration, 
since necessary Information is usually avall^le on tape. 

The pre-tests let the student know definitely ^at is important before 
the test, ^d the individual Interi^^s help clear up student problem and 
develop the ability to analyse experimental data and observations. 

The efffect of tape usage has been to inforiaal.l2e class discussions , to 
improve student performance especially in the laboratory and to provide more 
individual Instruction for each student. 

We have developed this approa^ to physical science to ainlfidze the 
difficulty t appr^enslon and confiislon that mmnf non^scl^ce wjors experience 
in required science courses. 

Throu^ careful selection of textp cultivation of attitude, nw Mthodi 
of evaluationp and mudi nperlMntal work with audio and video tedmlquMt w# 
feel that our physical science course Is no longer the dreaded tiflp into the ^ 
tmlmgwnp but ra^er an Mll^tening apprecation of seitteSi Itg beauty and ita 
usefulness. 



Consideration of the various physlcAl aelnee t^zts aTatlibl^ led m to 
believe the FSNS course (Fhyelcal Science for Non^SeiMee Studtnts) would be 
flexible enough £o adapt to mious ttchniiques and Mtitods lif ^f^ntAtlMii V 
Thm philosophy of ^e fSNS approadi panlleled our <iim f of tht lqN>rt«Ace 
of the e^i^er^Mital method ud the need the atudeafc to i^eirvtand the seleili 
method of investigation • . : ^ 

4B , '::^;M 




ihe physical science student often has a poor attitude toward formal 
sctence courses coupled with a poor or non-existent backgroimd in jnathenaticB . 
Perhaps the most frustrating aspect of these students' attitude about science 
is the feeling that science is quite Irrelevant to them for they intend to 
enter fields, whlci from their points of view, are far removed from any contact 
with science. The preceeding comments cannot be used to describe all or nearly 
all of our non-science students; yet most instructors of physical icience will 
agree that a large percentage of their students can fit the foregoing deBcrlption. 

The eKperiments for the physical science course are conducted in the audio- 
tutorial laboratory. The laboratory consists of 24 individual boothi, each 
containing an audio tape deck, head phones for audio and TV liitenlni and 
foot-switch controls. Closed circuit television monitors are placed arotmd the 
laboratory for the viewing of the video tapes. Near the beginning of each 
laboratory period students pick up the equipment necessary for the ejtperlaent 
from tables at the end of the laboratory and return this equipment to the tables 
at the end of the experiment. 

To Improve attitudes and reduce Irrelevancy feelings, we begin the course 
by providing a video tape on the mathematical methods and techniques that are 
utilized throughout the course. The mathematical background for the PSNS 
requires a knowledge of some basic algebraic manipulations, and the ability 
to work with power of ten notation. The instruction consists of a 4Q minute video 
tape with an accompanying worksheet to aid the students In using these mathematical 
techniques. 

The methods of problem solving Is illustrated by the instructor on the 
video and the student follows along with his worksheet. The tape concludes 
by asking the student to complete problems provided with the video worksheet 
and to check their solutions with the posted answers. An Instructor is present 
to confer with the student on any question or difficulty he may have. The student 
is encouraged to view the tape as often as he deems necessary to become familiar 
with the concepts presented. Student reaction to this particular tape has been 
very positive, and the constant semester-long complaints about math difficulties 
seem to have almost disappeared. 

We attempt to prepare and provide a video tape whenever a situation or 
concept appears to give the students a difficult time. Sometines our video 
tapes deal with theoretical concepts, such as the mathematical video "Pf J"^* 
described, and at other times the video may illustrate a particularly difficult 
or tedious part of an experiment the students are doing. On occasion we have 
produced a video tape to demonstrate mi experiment that would be dMgerous or 
difficult to perform during a lecture session, sudi as the contolnatlon ot 
hydrogen and ojqrgen. 

Audio tapes are provided for each laborato^ experiment performed. The 
student listens to a sumary of pertinent Information necessary for^#ach «^er- 
laent to be performed; he then does the ej^erlment at the pace he ehoosms while 
listening to more detailed Instructions. Criteria whldi allow the studwt to 
judge the success of his experiment are also included. The students feel 
that these tapes are useful and we have found considerable tmproveiiient In 
overall student performance. 

There must be a better method of evaluation! The thought hmcum mere 
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prntBiHtsoLt the deepM the author! got Into the staggering pile of Imbormtoxy 
noLebooks repotti* The neeeisit^ ol laboratoiy work evaluation is obvloui 
and needs little JustlflQatlon, Laboratory e^ertenet constitute a eonslderable 
portion of most eclence ooursM and becoma partleularly si^ificant in a aoursa 
like PSNS, A sraMter grade would, and shouldp be strongly influeneed by student 
aompetraey in the saianae laboratory* 

The traditional Mthod of evaluation Is to require some type of written 
laboratory report. Despite attmpts at Inventiveness in our laboratory mA 
alassroom presentatlonp \xp to the beginning of this year we ware still relyjUig 
on this traditlpnal type of evaluation to maswa studmt aehievm^t* Our 
first att^qpts to Improve laboratory evaluation semed merely to revolve around 
Improving the written l^oratory report so finally we decided to brei^ away from 
the written report entirely. 

At present our students Immvm a carbon copy of their data and calculatloM^ 
and perhaps some pertinent comratSp wltii tiue instructor when they have cmpleted v 
the experiments suggested for the particular week» The instructor collects, files ^ 
and uses these carbon copies as a bayls for discwsion during an Interview aeaslonii- 

Three times a semester we meet privately wd Indlid.dually wltih each 
student to discuss the laborato^ work he/she has hmma doing for the past several 
weeks. Thest meetings are Informal and students are atked to discuss or explain 
various aspects of their l^orato^ experiment. The students respond to the 
Individual atttatlon md Instructor Interest In a mamier that Increases and 
broadens the learning experiment offered by the course. The fact that their lab- 
oratory experiences will be dlscitfsed with tbem by the Instructor seeM to 
Increase their questioning attitude towards the experimental situation and 
also appears to encourage the students to utlllEe the "opm razees" of some of 
the experiments and to explore and experiment past the suggestions put forth 
by the text and audio tape. It is apparent to \m that this te^nlque has Increaed i^ 
comunlcatlon between student md Instructor. 

The verbal laboratory reports indicate a hlghar level of understanding 
than normalp Indicating that more students than usual understood the findamental V 
Ideas and techniques associated with the laborato^ ^periments. ^sop every 
student was directly Involved In eacdi eiqierj^nt to the ntent that each studnt f|| 
had prime responslbllty for performing eadi experlmtit. In the conventlonar 3^^^ 
laboratory p students always work in groups and Aere are always aome lAo partleipii^ji 
passively In the experiment by Jwt wat^tng ochwa work# The audlo^tutorlal , i^^- 
laboratory pressed each sttdut Into an active liboratory role* ; 

The Individual perfor^uce of -l^orato^ mspmTiamatm lit ^the conventlona^^^^' 
laboratoi^ Is prohibitive* This la because there la siot enough tlna to work ai^li :V 
instruct those studnts lAo would Jut vat^ nd al^o to tatwer :t|ie r^biscf^ 
^le q^atlons of other studm^s doing ^e experia^ta. fhiivyy^;:!^^ 
tended to ellndnate routine queatlm^ and to Inenan q^p^^g^^^r'mx:^ f^i^i^ 
ceptive and probing nature^ So the sloirer studwlbii veippatt^^'l^^ 
exper j^mtal results ud the better students ware able to mora mmm^^^^^^' 

questions i^th the iAstrttctor« Further, preltvinary dlicwslon on the audio 
tape prior to specific experimental iutructlme pniivtded w me^lent oppot'tw^^ 



to review and ralnforce prsvieitf idaas and Goncapts ij^orCant to the courss 
md to iftie upcoming ^arlmant. Also, in tha praltmlnary dlseusslon it was 
aftm pQssibla to tla In asaaiplas of cmmon oceurandu almLlaf to the axperl^ 
Bant md to plaee tha particular ai^arlMnt in proper parspactlva with re$pact 
to tha course as a wholtt In tha convantlonal laboratoiyp Information lika that 
in tha preliminary dj^cusslon Is greatly da-aophaslsiad or tltfldjiatad bacausa 
aiaphasls must ba placed on spaclf Ic Instruct tons and precautions lor tha 
es^arlmant about to be parformed. 

Wa attanqit to Include In aach of our audlo^tapes tha lollwingi 

1. Revlaw of partlnant topics alraady dlscyssed, 

2* Approprlata airaaplas mxA possibly Intarasttag Isfprfflatlon ralatad 
but not essantlal to tha »perlmmt. 

3» Essantlal ideas mA tachnlquas for parformlng the aacparisentt 

4. Furposa of the axperliamt, 

5* Criteria for Judging the eiqparlment succaisful ^mtm appropriate* 

6. S tap-by-step Mparlmantal instruction C^ot necessarily Mplicit in 
avary datail) J^tanded to encouraga st^ant ctirlo0icy# 

Students taking this course hava been survayed t^lca to datantna their 
attitudes toward ttils laboratory. The results of thasa suways strongly 
Indicate favorable student raactlon to the system. Tha tmwljious rasppnsas in 
both survays that A-T wu usaful md tfiat it should ba cqntlnuad clearly 
amphasliia Aat A-T is a valuabla tostructional tool as tissd In our physical 
scimce course and that it should ba further davalopadt 

A»T's greatest advantage is its rai^lnd cap^tlityp ^icb ^lows students 
to listen to Instructions as often as nacessa^ ud to work at thair oim spaad« 
Its dlsadvantagas arise from two sources, ttie is related to the nature of 
tha A-*T ays tarn and can not be r^sadlad except by tha use of constdaifably 
mora sophisticated eqtiipMnti this rafars to tha i^blllty of tiie A^T systm to 
answer student quastlons on a raal*tima basts ^ An iMtMctor ot n^ i^ . 
laboratory at all tlmas affectively corrects tittB situation^ 

The second disadvantage arises when taped lnstrQctlan# and coiamiU are 
I" unclaar* This Is of course a ftrndraental probl@i of mf mymtmm of this nature^ 
(V Tape ijist ructions ud comments wmt be ragularly reid;0w#d end Isprovitd irtim 
iil:-.M€M8ary« ' ^ ^ 

Boweverp survey results show that Aese A-I disadvwtagss wen eons Idi^Aly 
outweli^ed by the A-T advutagas. 

It is vortiiirtille to note that ^e preparatlm of the Mtfi#^arl^s Ifl 
vai^ time consisAlng. A reasonably good script of approailMCely IS aifiutes 
dturationp with clear and relevant informatim fetulraa ^ ttf ^^tk^^'ifi^^t 
$:i/^2 full hours to prepare. 
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At ails point it is clear to us that if an Instruetot daeides to 
e^ark upon thti type of ptogtm Ms college or iehool taust strongly support 
his endsavor. M Idsal situation ummm to be for tha instructor to bs hlrad for 
tha smwr SMSion to dsvota full tlaa to tha davalo^rat of a prograa. 



matk ASSISTf D INSTRliCTIOH IN ORCWIC fflBnSTg 



Roy Sdimtag 



This pngraa AwAo^d to assist In iMtura elassMf but no atteapt 
was Bade to est end it to the l«boratoi7» Be devAopitf this Mthod to ehenge 
lecture so one wasn't ll»lt^ to tranmittlAg data* but ooiad tMorporata aore 
dlseusslon and get the studMts to partlelpate. 

The equlpsient used In this pragrM west 

<1) A eassette tape reoordetp because It was the leMt wpensive aad 
was oan^mlmt for au^lo-tutorlal • This was also Mwrenleat for 
student use. 



(2) M nfearaal p^mt aupply, aUiply b«e«tta« tha b«tt«gr po«»««i 
tmotdrnt mia'c •traag «Beaih. 

Tha unit mat was $65, lAteh iMluiad a vaeocdar, ha«4 act, ud cm tapaa. 
Thia waa uaad la aa et gule dta^ti^ «3>aaa wi haa ban in uaa for Atm 
yaara wleh no M J or diffleoley. Ha auggasM ulag « nMeh iminim tha 

abova lUtai partai for avoi^ tw atodnta. Tha wtwftal uaad on aaeli.Mpa 
was eutliaad la datail and tm appradaata^ tvtal^-f iva liimtm la langth. 
This Mtarlal ahould ba eloaaly eoEtttatfad to laetut*. BiMfaiil^;. twlat Chla 
aathod tha atttdaat eetdd ba npeaad to aota thu ona tact |Mi!iit}Jnfiil^taea and 
eould felloir a slMO|tapbad awpplaant lAlla llal;algri.l^^ j 



The tapes that have bew Mde tfei 
CI) 



ItoBeaelatute By gl^sg the detailed 
Ittstfuetor 4dMs*t hmwm to f^m 



V. 



(2) 



<3) 



ERIC 



Pmblaa Soli^ot - fh|» mv \- ' 
aaA atap aa4;jiM K*tMfit* i 
tap*, tha atMa^ co«a4 t»caj|i.^ 
InelSdad: Ilaiionc*^ Aiuayt|^; 

SyathMtt - Shla wm vary ftfi'Sj 
M to why tha raactiana ^ ttjM^li|lf»A 
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(4) Library loattuctlon - This hasn't betn ^f^^f 

gteat possibility la correlating research and library for the 

student. 

There are «rtaln conveniences which contribute to 

S. iSS«rh«,l4 . t«t and mla«.8r.ph mterial with which to follow the 

taped iMSon adds to the success. 

The disadvantages are* 

(1) The cost of the equlp«ent. but using cassettes drastically reduce, 
this problem. 

(2) The time r^ulred for lesson preparation on part of the Instructor 
is nueh nore than one night expect. 

(3) The maintenance of equipawt eould be a problaa, 

equipment described has been used for three years with no break 

down# 

If lame classes are Involve!, the availabaity of the equlp- 
^ ^ iLi cfuXd plesent a problem. It might be impossible to have 
recorders readily available at the students' conveniences. 

The advantages are: 

<1) This method allows the lecture period to be us^ for other 
Instruct ian. 

(2) It allows topics to be eipanded, 

(3) Students can repeat the material if they do not undwstand It the 
first tliBe threugh* 

(4) Synth#sls prDblema can be outlined in more detail and each 
reaction or step mEplaln^. 

Most student, thought the tapes were helpful and worthwhile. 



A TUTORI^ itfPROACa TO OR^IC ^MISTRIf 

Joe Vlkln, Corning Commmity College 
Corning, New York 

When in the course of human events - to paraphrase the unwlmous declara- 
tlon of tSe thirteen United States of America ^ It becomes 
a traditional teaching method, a decent respect for the opinions of 
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colleagues requires that I declare the causes which impelled me to the separa- 
tion, I hold these truths to be self-evident i that every person that comes to 
our InstlCutions should have a chance to first-rate aducationi that even though 
all men are created equal, th^y learn at different rates* that teachers should 
adopt a taachlng method that allms them to give the beat possible educatloni 
that the use of Gutenberg's Invention is a better way to transmit knowledga; 
that lectures are not to be rehash of written material, and that students 
deserve to receive an education at a sane and reasonable rate. 

Because I accept those "truths" I think the traditional teaching mathod " 
e.g*, lectures^ occasional exirainatlons^ no objectives — Is inadequate to 
meet the needs of the different types of students that we encounter in our 
classroQma. 

Donald Starr described a tutorial syatem of instruction in tha Pro- 
ceedings of the Two-Yaar College Chemistry Conference, 1967^1968, and the 
August 1967 issue of the Advisory Comcll on Collage Chemistry Nawslattar 
describas a few mora* 

The impact of these tachniques was not clear to me until I visited 
Meramec Community College^ Kirkwood, Mo*p where Dr. Rudolph L* Heidar devaloped 
an audio*tutorial approach to ganaral chamlstry. 

When I was thara I talked to many students and only then I became 
convlncad that the new approaches were vastly superior to tha traditional, 
lecture--orianted teaching methods* 

Befora I daacribe the approach I use at Corning Comajnity College^ 
let me say that the important thing is not the tachnlqua per sa, that is 
you can adopt any and modify it so suit your tastes, but rather tha important 
thing is tha attitude of the taacher* 

The first attituda is to believe that avary student Is capable of 
learning* If you are not convinced about the necessity of holding this attitudda 
pleasa read the book "Teaching as a Subversive Activity." If one does not hold 
such an attituda the pupils will fall simply because the teacher eKpects them 
to do so, 

Tha second attitude Is that of skepticism about the content of our 
courses. Skepticism is a trait every chemist should develop. It was not 
by accident that the first modem treatise of chemistry was called "The 
Sceptical Chymlst*" 

Those attitudes led ma to re-aKamlne my teaching practices. As a 
result 1 adopted the Integrated appraoch to organic chemlstryt in which 
the first half of the course is devoted to principlas and the second to the 
application of those principles* 

I then divided the course into six mits per aemester, as shown on 
Table I. There is an examination after each unit* This frequent testing is an 
improvement over the practice of one mid- term and a final. 
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Vhmn a sti^ent obcaltis a low grade in an eKsmlnatlonp hm ean reqttest a 
retest to shw hm learnad the material he failed to lean prevloualyp 

Ther0 is one hour of "lecture" per week and two tutorial hours. During 
the leature I elarlfy the work to be done during the week^ bring to the studente' 
attention work publiihed In the current literature, give thmi additional 
references and answer their questions. 

During the tutorial hours there are not motn than six students , a fact 
that allows me to individualize the Instruction. I encourage thea to do the 
homework assigMients during the tutorial hours when they can obtain help If 
they need It^ 

For each unit they receive behavioral objectives, some of whldi are 
shown In Table II. The objectives describe In detail what the students are 
ejcpected to learn and how they will be tested. Robert Mager^s "Preparing 
Instructional Objectives" is m excellent book to help learn how to write thm. 

Because students are allowed to take ^amlnatlotis over mid over aglan, 
it is possible for a slow student to obtain an A after repeated tries ^ 
thereby getting the mamB grade as a fast student* This situation does not 
seem fair » ud is a relectlon of the letter grading systw we we. Adopting 
plus and minus signs Is m Improvement, but ultimately this grading system 
should be replaced t This has been done in' some schools, su^ as the one my 
son attends, where In lieu of grades tiie teacher Issues progress reports. 
Issuing such reports is a more valid way to Judge a person's performance, as It 
Is done in indtistry. 

I use two textbooks: Klce rad Marvell, "Modern Frlnclples of Organic 
^emlstry", and Handrlckaon, Cram and Hamond. "Organl- Oimlatry*" 

The students are free to choose either one* I recomend that students 
In the Oi^alcal Te^nology program adopt tiim first one and those In the 
transfer program the second one. 

The examinations are divided into two partes a closed book, based on 
the objectives, and an open book section, based on the homework assignments. 
The students have unlimited affiotmt of time to complete each eaiMlnatlon* 

The laboratory Is op^ for 15 hours each week. The studuts are welcome 
to come as often as they want, but very few accept this Invitation i ttie majority 
are there for only three hours per week. 

We give them a sense of discovery by having thm work with xmlmmnm^ 

In the first sraester they receive a solid uakaown they must Idmtify 
using physical and chemical data, as shown in Table III* For the rmatoder 
of the first smester they perfom a Grlgnard and Frledel^Crmfts synthMla. 
They must also Identify Ae syntiieslzed si^stances, 
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In th© second semesCtr they select an exparlmant from eaeh of the following 
cacegoriesi extraction from natural soureeSp syntheila of an tmknownp kinetics 
and multiple step synthasls. 



For the first two experiments they must identify the unknowns « For the 

thirds the reaction rate is the unknown. For the multiple step syntheses they 

either devise ^e syndetic scheme or look it up in the library. If they do 
the former they receive eKtra points. 

Tabia IV shows the results using the tutorial approach i not only the 
grades improved using this system but the drop-out rate decreased discamibly. 
Also the method la flexible to allow us to teach uh^ first and the second 
semes tars of the course every spring, 

I am convinced the tutorial approach is the ona to use, I hope you 

agree. 

TABLE I 

ORGANIZATION OF THE ORGMIC CHEWaSTRY COURSE - TUTORIAL IffiTHOP 



FIRST SMSTER 

Unit Topic Hours 

I Introduction and chemical bond 3 

II Nomenclature of orgwic compoimds 7 

III Reactions Bxid synthesis of organic compounds 5 

IV Laboratory practice of organic chemistry and 

spectroscopy 8 

V Resonancei hyperconjugation and cautomarlsmi 

stareochemistry 7 

VI Reaction mechanisms | sturcture and raactlvity 8 



SECOND SBMISTER 

VII Eliminationp addition and stubstitution Reactions 

VIII Carbonyl compoundai carbos^llc acids and derlvatlvM 

IX Molecular rearrangraenti and aromatic hydrocarbons 

X CarbohydrataSy amino acidas and heterocyclic 

compomds 
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SECOND SEMESTER (cont,) 



Isopren©ld8 and sterlodsi polymers 



5 



XII 



Literature and history of organic chamistn^i uses of 
organic compowds 



3 



Tht nurober of hours ineluds lecture and tutorial periods but excludes tlma 
devoted to e;canlnatlons« 



1, Draw a picture of the fQlloiwng appsratus and degcribe chslr %mB In thm 
laboratory: Vlgraaux colwi^ suction flask, pgfwdsr funnel, Soxhlet 

extractor^ Thlele tube, Hlreeh funnelt 

2, Describe the following techniques In terms of apparatus uses, capabilities 
and llmltatlonB of eachs atmosphsre, vacura, steam and fractional distil- 
lation | recrystallliatloni gaa, paper, thin layer and caluan chroaatography. 

3* Lis% the hazards associated with the following substances and |he pre^ 
cautions to be taken In working with thems Isepropyl ether, acetic 
anl#drlde, benient, acetone, ethyl acetate, carbon tetraehlorlde, chloro- 
form, methyl alcohol, dioxane, phenol, demetbylsulfMide, phenylhdragine 
and 

4, List the functional groups detected by the following tests and reagents i 
Baeyer, Fehllng, phenylhydrazine and 2,4«pWffH, Lucas, fertic chloride, 
aluminisii chlorlda^phlptoform, Tollins, eerie nitrate, Benedict, Hinsber, 
Ninhydrin, haloforBi, formaldehyde-sulfuric aald. 

5. Define the following ter^ and Illustrate with enanplesi group ffequency, 
chemical shift, tetramethyl silans, ipln«^spln Mupling, eoupll^g constant, 
tau and delta system, non«<bondtng orbltals, 

6* describe the techniques, limitations and capabilities of the following 
methods to determine molscular welghtsi Signer, Rast, ebylliseopic md 
gaa density. 



TABLE II 



SAJffLES OP BEHAVIORAL OBJECTIVES 



UNIT IV. LABORATORY PRACTICE AND SPECTROSCOPY 



OBJECTIVES. THE STTOENT SHOm.D BE ABLE TOi 
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EKLC 



L-iBonjiTOHT 1-ronic 

QuEM. 221 ORGMIC CHEMIBTM I 



I, Heiting temperature deterraination 
Botling temperature determinatiDA 

HI* ffteeglng temparpture detenninatlon 

IV, Solubility dateinianatlon 

'VIX * Qu&li ta'clv© Elemental Organic Mmly'sis 

Vltl, HoLecuiar weight dfitermination 

XX. Chemical properties of the unknowns 

K, Ptepaxatton of derivatives 

XI, Gtignard sjrntheBiB 

SII . Ftledel^Craf ts reaction 

CHEM. 222 ORGMIC CHEffiSTBY II 

I, EHt Taction of imknowns froia iiaityr^l seoufcts 

II, Synthei^i of the i^kno^i 

IV» Multiple sttp aynth^pgi 
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CUai^ JE j^iROlJGH THE CuEaeikJ PROJECT -- . ; - rxng HJO 

Kenneth Cliapman 
Lawrenca Hall of Science. Berkeley, Callfomia 



In tlua iion-p^hysical world the one real constant: is change. Change is 
frequently liivoked as always balng goodj, but change can be either bad and 
destructive or good and constructive. Teachers In particular are major change 
agents even If chey maka no attempt to maintain their technical competence or make 
no us^ of new taachlng techniques or ne^ media. Simply cQmlmg into contact with 
students on a day-to-day basis induces changes that can be either constructive or 
destructive, In the United States growth has always been the subject of consider- 
able pride and has been placed alongside motharhood, the flag and Mom^s apple pie 
as part of the ^nerlcan tradition. 

Today growth is being vlewad with a different perspectl^re* Growth must now 
be balanced ^^it:h those things that prcmGLe a good Quality of lifa. This may 
meaa a decrease in the rate of growth o£ possibly, aero growth. 

As technically trained teachers, we have broad responsibilities* We must 
be responsibla as citizens that are responsive to need within society^ As 
uechnicdilly Qoapetent people, we must strive to avoid obsDlaacenee in our techuical 
background. As teachers we have the responsibllty of molding attitudes as well 
as dlssemlnatinR Information and eondiinrlng training* All of this means that we 
have very critical responsibilities which must be accepted while we exploit our 
abilities and talents. In accepting this kind of responaiblllty^ we must determine ;1 
when we are successful and what criteria can be used to measure succeBS^ Personalis 
1 am not at all sure we always use the right criteri to measure our teaching succsui 
or the lack thareof. 

Now let ua ^narrow our focus to the specific areaa within which we work and 
which provides the basis for this gathering, ^ 

Technical adacation prograifls can provide major benefits In two areas* It 
can meet the paraonal need of individual students^ particularly those who gener- 4 
ally would be considered non^academlc types but have a gtauiae interest in tha 
applications of science and technology and who have sufficient acadenlc ability 'A 
to satisfactorily relate to mathematics md aoience tau^t in a proper manner. 



These Indiylduala can take programs In technical education that will virtually 
assur 
world 



assure them of reasonable incomes and an Increasing status in today's and tooorroif^a/^ 



Technleal education progrms also meet society need ^raiigh satisfying stmrn 
of the personiiel naeds of induatityp government and acadraiat Meeting these needs 
helps assure that our society is provided with the necessltlM Itmrles ifhieh 
must be produced through syntiiettc products « The te^mlaatly tiraii%ed person Qsn 
serve society throi^h his contribution to productlan efforts^ thraugh reiear^ 
ictlvitles aiid through monitoring our envtroraent and Msurlng that It beooBiM 
taoic livable. 

Reeo^iilng the needs and desires of Individuals p society ^d industry* 
the ^nerlaan desilcil Society deliberated on its responsibility for chemical 




technician Education fji sajL.-.l y^^i.a.-. lu :J)^)i , a p;(.pc.).;:il va;.; devf^lnpcd zc ocelc 
support foT a major curriculio project: in this ^^rea A grant was received rrom 
«ue National Saleaca FoxmCaZiDn 1969. 

The Chemical Technician Curriculiam Project has t:ha gosl caristructive 
chanjre J.n technical education. It sesks growth but not grot^th for the sake of 
gffowtli but for axpanslon to tna point where Individual needs and society's needs 
come into a far bcttar balanca than they are today, the Cheinlcal technician 
Curriculum Project, t^iich we Tefer to as the ChemTeC Project, actually be^: in in 
1964. The Ajnerican Chemical Society hDl(tobiennial education conference and the 
one In 1964 discussed the problems of chemical technician education. After this 
conference a coimittee was appointed which produced a very broad curriculam out- 
line for che-inicai technology progranis and suggested that another coiranlttee be 
fonned to iiivestigate the cheinistry core of the two-year associate degree program. 
In 19 67 the second conmlttee, clialTed by Dr. Carleton Roberts, published its recoin^ 
mendatlons concernlni a topical outline in chemical technology education and outlinec 
i^me -^M I ^ n ir-ht-r nf r cM^wlnal tschoolopv p^^o^rnrn should be handled. The 

problem with the topical outline ^as that it was interpreted in widely different 
ways by di fferent people-. SoTfie of those who have had long connection with chemical 
tachnology prograTTis looked at the outline and decided that it was about what they 
gxp^cted froni the high school graduate coming into their prcgram. Other people 
looked at the outline and decided that it was ideal as the course work for the 
Ph,D, progranu Thus, ic is obvious that cominunicatioii was not occurring in the 
manner which wa^ mos n des:Lrecl* 

In 1967 contact was niade with the National Science Foundation to determine 
the degree of their interest in technical education and whether or not they could 
entertain a proposal for a currlculim project in this area. After considerable 
discussion and preparation of a nllot nroposql , the Foundation decided that it could 
entertain a formal proposal and the American Chamlcal Society eventually became 
the recipient of the Chemical Techiiican Curriculuffi Proj ect grant on July 1, 1969 • 
The ChemTeC Project has as Its purpose, the preparation of tCKtbooks and associated 
motcrials for the chOTilstty core content of two-year associate degree chemical 
technolcP.y programs. The material is to be designed for the middla one-half of 
the gradtiating classes and not presume any prior contact with chemistry. It has 
the very narrow purpose of preparing instructional raaterials for the pieparatlon 
of technicians, it is hoped that most of the programs interested in using the 
ChesTeC materials would be able to add an additional one^ tv^o or more courses 
in chemistry to provide for specific area needs or take care of specific problems 
as seen by the college faculty. The student completing the ChemTeC program should 
not find his base too narrow but rather he should be well trained for convenient 
and efficj-ent retraining when he finds It necessary to leave one area of chemistry 
and go to another. 

Preparation of the ChemTeC materials calls for a two-fold Integration* We 
Intend to do away with the traditional subdiscipllne boundaries in ehemietry and 
present chOTlstry as a unified whole. We also Intmd to Integrate lecture and 
laboratory material far more extensively than is normally the cage today* Ideally 
the laboratory work will lead the lecture work rather than the referee which Is 
typical of today's chemical instruction. Recognizing the short moimt of time, the 
vast amomt of tnaterlal and the need for our kinds of students, we want to see 
concepti uaed in different situations and preferably several dlffMent times. We 
have taken the initial steps toward developing uiideilylng themes as the primary 
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..ucus oi: a Htudent"H atcantiloru W3 woula uuvialon a number of aaderlyiiig Uieses-- 
orobably twenty or more. r^ach iheme would have a number of topical areas on= which 
J: would concentrate. Tim jLe:.;i:.lL \-ouXC. ba Uliat the student would have his sttentlon 
focus ud more on a theme while Lhe teachor vjas focusing to some degree upon the 
individual topics that would serve as tools for understanding the theme. This 
opnroaeh enables a given topic tr " discussed under several different theines 
with a steadily increasing sophisv ^aation to get to the par- where the student 
understarids what he really nesds to know about a given topiLu, He will also have 
seen the topic's application to real chemistry and be in a better perspective to 
use what he knows about a given topic in other applications. 

The ChernTeC Project is generally administered through a steering coiraaittee 
composed of representatives of indtiBtry and academia, both two=year and four-year 
college people. The writing team conslfata of twenty-'five people^ twelve of whoia 
are representatives of tx-7o«year colleges ^ three are industrial represafitativeB and 
ten are noted writGrs and teachers from four-year institutions, Th© project is 

at the University of California ^ Los Angeles. 

The writing team met for the first time on the 2nd, 3rd and 4th of Aprils 
1970, and quickly came to agreement on a large number of important points. The 
ChemTeC Project will intend to provide sufficient instructional matarials for the 
first yearns portion of the chemlaal technology program by the end of the siMiter^ 
19 70. These materials wxll tneti be evaluated in twelve piloL colleges to detarmlna 
what changes need to be made and provide a basis for writing the second year materia: 
in the sijiniTier of 1971 as wall as revising the first year materials* We intend to 
make one set of the first year roatarials available to institutions for review pwpoSi 
sometime in the Fall of 19 71, It should be noted that instructional media may 
play a vary large role in the ChemTeC Project and will^ of necessity* not ba 
produced as rapidly as the teKtl^ooks* As a matter of fact, the current grant does 
not Include money for the specific development of high quality materiala such as 
16iran films* 

The initial work that resulted in the ChemTaC Project began at a very fortiiltoiii 
moment of changing attitudes in Washington. The National Science Foundation tos 
reviewing its science educatiQn support activities and deciding that more of its 
attention needed to be focused on technical education. Various societies such as 
the American Association for the i^dvancement of Sclancej the ^erican Institute of 
Biological Sciences^ the Amertcan Association of Physiee Teachers and the American 
Institute of Physics were becoming iiwolved with technical education for the first ^; 
time, ChemTeC has given encouragement to groups such as AAAS^ AIBS^ and AAPT to 
procead with other developisetns of tachnical education* 

The ChemTeC Project is expected to influence chemistry at both the high school_j; 
and college level as wall as provide a good educational program foi the chemlatl 
technician. Through the prohletts we will have in teaching topics of chemist^, : 
we should be able to provide aooe good ideas of how to work more descriptive . ; 

chemistry into high school and college progrMas* If our integration approach t© ;| 
the subdivisions of cheDiistry la successful, then we should promote changes which 
some people are ex^lning now for the education of scientists and engineers. 

We are extremely concerned with evaluation of the Chen^eG Project* Wa wsyiC 
our materials to be as useful as possible for the students and would like to 
develop a technique which allows a student tc evaluate himself privately. The 'sg 



i iBtructlonal prograin that n^;ed improve. .-nt and the ChamTeC Froject, in turn, 
can me the £ar''> mnterlals its own evaluation purposes* If we ara aucecssfi.!l 

In implementing an evalijation approach that is currontly being aiacussed, 
we could influeo .:e textbook publishers to give a great deal of attention to 
this area. 

M we look a^: chendcal technology wa hope that the ChairfCeC Project is 
able to provide a niuch clearer definition of what chemical technology education 
should be* There Is a need for making a distinction between the level of 
chemistry and the kind of chemistry. It appears that we are in the beginning 
stages of dlstinguiBhing technicians as practicing a partiular variety of 
chemical activity that is different from the practice of a chemist. Both are 
very strongly interrelated and overlap to m considerable degree * but both hava 
unique features and capabilities which should serve to distinguish betwera them 
more effectively than is currently possible, Thus^ we are not particularly 
concerned th^v the nhamTeC inatf^rialB will have less mathematical sophistication 
than the four=year programs and less than some of the eKisuing chamical tecnuoiogy 
programs. We are very much concerned that the CIiemTeC students have the kind 
of backgroimd they need to function effectively as technicians and advance to a 
level consistent with the individual's rtility. Our eKploratlona to date do 
not provide any justification for concentrating on mathamtlcal derivations or 
using calculus in a formal sense. A superficial view of the ChemTeC materials 
may well orodiice the liuprGGslon that wc are not approaching concepts i^lth the 
sophistication with which we have become familiar, but we do intend to provide 
a sound basis for continuing education for the ChemTeC graduate. The ChemTeC 
Project is avoiding the problem of teacher training for the time being* We 
hope that some members of the Writing Team will be able to develop institutes for 
ChemTeC teachers in the simmer of 1971* Our pilot schools are limited to twelve 
because we felt that the faculty member who would be teaching from the ChemTeC 
materials in 1970 would have to be intimately familiar with their development 
and their intent* We recognize the problem that the preparation of teachers in 
technical education is an extremely critical problem and is not raeeiving adequate 
attention at the current time. There are some programs which offer real promise 
in this area and the AMS is starting to look into the problem of teacher train- 
ing for the science technologies* 

The ChemTeC Project cannot deal directly with the problem of reerultment 
of students* We will be working very carefully with the pilot ^jahools, hoping 
that we can arrive at some good modela for getting inforaatlon to studants in a 
manner In which they can make legitimate decisloni about whether or net chemical 
technology can be a good career for them as individuals* Many factors influence 
the recruitment problem but we atlll are faced with the fact that asny thousands 
of more technicians are needed than we are able to attract to today's chemical 
technology programs, 

Recognialng that change can be constructive or destructive, wa have to say 
that we are taking out chances with ChemTeC, All of the eKlsting chemical 
technology programs in the country may be considered successful If we ^ew the 
small ntaiber of gradimtea that have gone Into industry. Regardless of the level 
of Che program, graduates of chemical technology programs h%m always been able 
to get jobs and have, In practically every case^ been pleasing to their CTiployers. 
Thus, Chei^eC*a objective Is to find a way to fiir^ch a much larger nimber of 
students with appropriate training materials, W^of coiirse^ are convinced that 
what we will da will be constructive. 
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Chan just chemicel technician aducatloa, Jta inilueiice may wgII go outside the 
rual:n ox. ohczr.: -^ry end influence nther C]div:^at:-.o;i-^i ^Ef.nvts ay ^'"^ejl, Evalnation 
may prove to a the most critical part of che whole ChemTaC Projact. As wt. 
look at evaluation we must mk ourGalvea thla questioni How do we raeasiire the 
Success of ourealves as teachers and of our courses and programs?" By how well 
the students say they like us? By how much loaterlal we cover? By how rigorous 
and demanding a cotirse we teach? By euiuLatiiig our collaagyes In four-yaar 
colleges? By the niniiher of students who decide to follow in our footsteps? By 
the nuEber of sttidants for which our programa are advertised? By sceening out* 
through failure, students who have little appreciation for and understanding of 
i:he beautiful 5 logical development of chemistry that was created by tens of 
thousands of chemists during the past two centuries? Candid answers to these 
questions are difficult to obtain biit the questions provide a focus for evaluation, 

We seek criticism and coiiiments on CheraXeC^s approach ana the material that 



THE CHEMICAL TECHNOLOGY CuF RTCIE.U H PROJECT i 
MTOR A BlftMR OF FH Eg4MNG MATERIALS " 

Berkel ey ^ Cal if ornia 



The Meriem Cheraioal Socitty started looking at chemical technology 
aducation In 1963. A need was identified for materials for Chemical Techno- 
loer. In 1969 a grant from the National Sclenci Foundation to writ© this 
matarlal. was obtained. Work vlth a te^ consisting of 12 two-year college 
teachers, three industrial ah^lita and 10 college or university professora 
wae started In the eurOTer of 1970, 

To^help the Writing T#am members dewlop a olewer, aore distinetlve 
approaah to writing material tor ahemleal teahnolo^, a model of chemical 
education was suggested with emphasis on the taehalolan»s desirei and needs. 

Many dh^stry teaeheM have used a ilngla vi^ af ohmsLBtry to deter* 
mina their approaoh to teaehlng regardleEG of the characteristics of the 
students th^ teach. Thm en^ Ghmgm they w&e far students net taking the 

standM^d' cowse is to water^down the stwdard aaursa* The result Is an 
obvlousaor watered^doim course that satisfies so one* 

For teaching chemical techniclaM, thm result of this approach Is cat* 
astro^lc* Many ch^dcal technolo^ prt^^mm have produced mwy more chem* 
lets mi cheMeal engineers then chemicil techniciaMi ^e fri-lurei ftfom 
these pregrass have become technlclMg. Wiat hm been missing Is the accept- 
ance of the idea that different student ffpoups need dl f f erent kl ads of chem* 
Istry rather than watered-doim ve«lons of standi^ offertags* 



Ir -Vii attempt to provido a clear perspeGtiTe of tho differeneea betwcien 
tha ajK- '::h to chc<nicay ioBtructicii foy the prof^^ooioiml and the tecnni- 
clan/ an Q|^itea^%dgl_o^ Education has bsen deTistd* For maximuin 

a|5proprlatenass5 the diffiisenese of ticqtron orbitaXo in otovr^ and. molecule's 
needs to t?e appliea to this madel* 

Tha modeX is digpla^yecl the folXowing diagrams^ 



The "Nucleus'- of Cliemist^ Instruction 



The models m& theories of 
ehemlati^t Intaypretation of 
data to elariiy stinietiire and 
properties 



The impact of chGrnistr:/ in 




Macro propertlai priiic- 
Ipally of interest to 

engineers 



Thm **banch-worM" of 
chcnilBtr?/ . Experimen- 
tation production 
of data* Intarpreta- 
tlon to Msure that 
data is valid mA mpf^ 
livable to tests being 
ptrf omed # 




laboratory centerca. To hinj tlie ^eitv^ee of chemlstiT a tool vrhich 
mkes it possible for him to operate ^irrectively and Gf^leient],y in 
a laboratory* 

2. The Qttmdut (ancl chGroical engineer) mmt be thoroi^^ljr ^E0^1edg£abla 

about the applications of ohemistry. To tbCTt the ftppHaatlons are tools 
whieh enable them to effactivaly fanetion by planning rad eYaluatl»g 
excurslona into tht sgi©no# or applying It In nw or unusual ways* 

3.. Tha ebOTiQal technlciaii eamot be adeqimtely trained by using a ¥atertd« 
doifn professional ehesdst^s program* Kelther la he adtquately trained 
by taking part of the prefesaional ehemigt-s progrsmg 

uype problems roost ohaBdcal teahnlciaae ^ill have diffieulty ■baooming 
fully oparatiy® ae chemiBtm^ Obviously , many individuals are able to 
mp^e the transition;, but they are the exMptiona md pTOgrame ahotild 
DOt be designed only for them. Being the «eeptional psrsont thty are most 
^le to make the transition* 



yery effeotiYely as adraaoed oh^mleal taohnlciani. Thus, it is likely 
that mBn^ of the indlvi^iis anrolliiag in profaasional courses vooLd 
be bait sarved by a technology oriented program* 

6, If this iiodel is rasionably oorreat, the dlfficidty of praparing taah^ 
DoloK^ teachers from chemists bacomas tvid^st, A reorientation of 
ttia individuals 's vlar of the use of ttohnically trained parsoanei is 
raqulr^A as wan as the Mual prepajation for taaabing In tha olajs* 
room* If tha reorientation Is not at ooarpXi shads wy caurse Is soimg 
to bacomt a v^aterad-^dovii version of a ehamist^s oaurit ragardless of 
the teaching tffectlveMSB of the isstrurtor* 

iniis modal ba fruit fi^ly e^and@d to mora apaaiflaally axamlnt the 
eduoational prohlami (in ahamlstry) for chwlstSf ebamiaal enginters and 
others to whom ohemistiy in tsi^t* The ganerrt TOflal nh( id ^so bt appli«* 
GiA)lt to othtr selenct ar@M| enginatring and ma^telM^t diielpllnas m veil* 

Tha rtffult of the 1970 wrk sasslon was 900 pagas of majauscript. Tha 
ce^tant aas ba dtsaribad briefly by rtferrtng to tha list of ahaptar titles: 



QUIDEBOOK TOR 



Chi 3 PanoMl ^teativt Stutpma»t 
Ch, 3 71rt Bt^mty md b^laslani 
Ch. k ^.tetrlaiA Buiyfdfl 



Ch, 9 ^9 Path frm Sahpol to Job 
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-1 



Ch. 2 More Aboiit Scsparatioii Ch. 6 Properties of Gases 

Ch* 3 Sorae SxperimetitB in OhiomatOBra.phy (Tii. T Gases and Their Measurement 
if More E%i70riTn^?y^'ts Gaf« ;/^^^^^^■f,t■0{^tT4:'b*f 



vOLUMB II: 



Ch. 8 


Element a and Compoundij 




11 


The 


Structyre of the At am 


Ch. 9 


Liquids and SolutionB 




12 


The 


Foraation of Moleeules ^ 


Ch. 10 


Chemical Poi-mation of Light 








Covalenea 






Ch. 


13 


The 


Fomation of Ionic Compounds 












EH e c t r© val mnce 




III: 










Ch. lU 




Ch. 


17 




ChmmiMtry a^d Diftaetiom of 


Ch. 15 










Soma CoMnon Mat els 


Ch. Ifi 


A Look at Organic Cliemcris 


Ch. 


18 


The 


Cheiiist^ and Detection of 












Some Constton Nonmet^s 



VOLIJMO 17 1 



Ch* 19 The Teehniquea of Sampling 

Ch. 20 Tha T^chni^u^s of Weighing 

Ch, 21 Sample Preparation 

Ch. 22 The Meaauremant of pH 



Ch* 23 Gravimetrie Analysis 

Ch* 2^ Preparation for Titrlmetrle 

AnaJ^sia 
Ch, 25 Tltrimetrlc AnalyBes 



Ch. 26 Oxidation and Hedi^itlen 
Ch. 27 Coordination of CcMpounds 
Ch. 28 What ii Organic ChairistryV 



Ch. 29 Classes and Pimetlonal Grotips 

of Orgmlc Coopounds 
Ch* 30 Claasil^lng Orgaaio Compounds 
Ch. 31 Reaotlocs of Ifydrocarbona 



Ch. 32 Alcohols and Fhanole 

Ox. 33 Mkyl and ^1 Halidte 

Ch. 3U MhBTB 

Chf. 35 Aldtixfdas aund Ketones 



Ch. 36 Carbo^llc Aelds Deri vat iTae 

Ch. 37 Organla Cospoiinds of Nitrogea 

Ch, 38 OrgMdc Sulfur Cofflpoimcte 

Ch. 39 Optleid Activity 



In Voltme i purity was studied in Chapter one by usljag paper ^TomAofftuj^y . 
The stuient looked at both pin^'e a^d is^mre snpies* In CbAptet* tvo* B&pmtm%ioT 
was stuped \iilng goa ehronato^apby* Thin is to serre to suitl^mte tKe student 
and insure suoaess in this early endeaTOr tritbout r^ulrlag a VmMff^mA in 
either cbemiEt^ or a&tbematles* Thm work with gas ]^ase atooiUEtograi^ eontlnu^ 
with ntudents Injeeting the aai^les aad wrklng with data. In ©rtw to 
nalirtain Interest ^ rmml sauries are used wheneTer poisiblt» Vlth tibwe still 
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in:^ point, ^r:uliri^' point end tbfv -odynainlcs from l.he poiat o^' via^r that heat is 
on^'"*"^'/ iiro ' "^'^'iluncd By Clv-.;r ■ 6 thfi t^t '-^vvios oi rir^.'^^'ts . . '^ boln^j '^tu^j^^d.^ 
The students a., axperiinents wil PV and W and then are p.sked to interpret the 
results. At thio time Avogarc; nujuher and inoluGiUar weights are introduced. 
An effbrt ±^ made to let the k .ident UibA into a concept w working on an 
experiinent and then drawing d ..a from his notebook to arrive at the importmit 
concepts. Hotice that in Vc X\ .me I tliere has uecin little or no chenitstry* In 
Voluitie 11^ the chemiced natr of matter is studied. Stoichiometric relationships.^ 
solutions 5 spectrophotornrt lg measurQments ^ atomic structure and bonding are 
introduced* The eKter " of theoretical coverage is less than in bim^y general 
chemistry texts. 

Volume III continues with the Periodic Tahle^ nomeilclature of inorganic and 
organic compounds. The qualitative analysis and chemist i^^^ of metals and noninetals 
is introduced. 

Volume IV concentrates on non-instriimental quantitative analysis with much 

Volmes IV and VI largely coyer topicr^ considered to be organic chemistr2f„ 
Infared spectrophotometrT is UQed tc introduce organic cbemistiy* 

A guidebook if as developed for chemicri. technlaians which includes safety 
arid their prcbleiTiS as they move from '.001 uo the job« 

The materials are being classroom tested in t'&relye colleges across the 
iJnitc^d States. Evaluations will provide the basin for revision of the materials 

Suimnerj 1971* 



THE LABORATORY IN THE CHEMICAL TECHNOLOGY 
CIJRRICUUJM PROJECT 



Jack Ballinger 
Florissant Valle}' CoTOunity Collage 
St. LouiSp Missouri 

Before describing the laboratory, perhaps a brief background of the ^^Ch^ical 
Technician Curriculum-* Project (better known as CheiaTeC) might be In order* 

1* In 1969s the National Bcience Foundation gr anted the Amarlcan Chemical 
Society $621,000 to davelop Inatructional materials (iiicluding audio-^lmial aide) 
for the chemi s try core of a ch-OTical technology progrm. 

2, The purpose of the Ch^TeC Project li to tra^n graduates for ImQediate 
industrial emplo^ent after approxiiaately 65 smester-hours with roughly on-half 
the credits coming from the ChemTeC chemiitry core* 

3* Students are recruited prtaarily from the middle one-half of their high 
school graduating classes. Returning servlcmen and employed chmlcal techniclang 

are al^o attracted to the prDgraiiU 
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5* 'ihl3 tviu-ye^^r progrnm with its er:pha.^j.-B on u:born,:ory tacnniqU'^s ;±b^ Qot^ 
des ig ne d to be direccJy transferable to a four-'feai: program in chemistry 

or chemical engineering* There is the poasibll.ltj oJ: ttEnsf erring to one of the 
dcivaloping b..ccalaureatc (B.T«) prograiu:^ in utcanology which seem to be increasing 
in number. Howavar, T must again point out that the real purpose of the program 
is to be terminal i-zith the prapKqracioii of che - -al technicians, 

6 . T hi e C h emT gC Project itself in vo Iv e s : 

A 1.7 member Steering Committee of indusi-riai^ academic and govern-' 
mental c hem i s t s . 

h, A 27 member *'writing ceain'' whicli uonsiBt:? of * 

(1) 10 university instructors selec:te:Ed because of their OTiting 

{z/ 12 junior col lege ins 7: rue tors served on Che vJriting tctara and 
as pilot school instrucLors for the project, 

(3 J 3 industrial chemiLtri ware employed full-- time on che vnriting 
ncam plus visits we^o scKeduIacl for othor Industrial chemists 
to evaluate the GheniiyC m^tnxiais, 

(4) The 3aBt and noz n'^cussat ''.2.y ^Imast important mCTbers of the 

., - f :. f ... -. -. ^. ....... .= .1.,... :? J j.^, , t? - ^, ^1-= tT'^T A 

Chapman from the A*n,S, 

c. Th9- w iking tean. mat last summer (1. 0} for the first time for 8 
weaks at the Lawrence Hall of Science in Berkeley to produce the 
first yearns materials. Seven voluraes were produced and are 
currencly D^:ing *waluated by the 12 pilot schools* The writing 
team >^ilJ convene again in Berkeley n^^t sutmner (1971) to complete 
the second yearns materials* 

d. All of th^i experiments to be useH Iti the i'lrst year"s materials 
were perfurraed thi? past stiiTjmer byTaxlous members of the writing 
r^ain and each eKper linen t was tasted by using actual chCTical 
technology students frorc Fp^rritt Collage In Oakland i California* 

A discussion of the ChemTaC L jbQr^tory can perhaps be done by pointing out 
some of the . asic objectiveo or goals* 

1. A major ChOTTeC goal or objective Is to Integrat e the laboratory Into 
the lecture more completely. The laboratory ^ especially in a laboratory--oriented 
course like this ona^ should be an integral part of the t^Kt^ not in afterthought* 
There la no separate laboratory manual in ChemTeC to aupplCTent the t^t* The 
text and laboratory materials are completely integrated Into a uiilt. For example, 
as we discuss colligative properties In the lecture, the students are perfonning 
the related experlinenta (freezing point depression^ boiling point elevation* 
purity* molarity 5 etc) In the laboratory* There Is alMy^ a follow^p diecussion 
of the laboratory results in the text* Many conventional chealstry courses seOT 
to divorce laboratory work from the current lecture topics Most chtmlatry teacts 
and laboratory manuals are not designed for training chtmlcal tachnlelans, but 
are desigried fur aspiring chemists or non^^sclencs tnajors* 
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■''^ i >1 ,.V^il9:^i iiiii '.y ■ , ^ J i/ 01-^ :;U I o x P ^ r l i: - r ^ c ^u: i o i ^ uslnff an udoi l ying tihoine or 

CMi-..u:.w, anci piiy^iicai. CDncepts. The samfi basic '^ncept or theme is ti/uight using 
::u;ny wcparaiie, but rel^ifcid e>cperiments « For tKample, the concepl: of "purity*' Is 
praf^entad by using thc^. conventional aKperim2nl:s (freezing and boiling poinu SLudies) 

— 11 pi^riiapn moTQ graphic techniquea; like paper and gaa chromaLOgraphy * The 
laboratory work is repetitious anough with the various escpar iTpenta to c^xplain the 
underlying CQncept:, evan if any one oi the oKperiments fails its purposed The 
QKporim:2ntB ara not only der>ignad to explain or reamphasize the underxying concapt: 
but also to give practical labor^^tory experience. 

3* To Integra^^ the Subd ig^ of Cheniis try . Qualitative chemistry 

gen ;Jiv introduced a Beparata "chemistry subdiscipl^ In ChemTeC, 

quajltativb ^Jiemistry is introduced using a *'spot test^' app oach as naeded instaad 
of dGvoting a large segment of time to the conv^rtional qualitative scheme appioach. 
The formal qualitative chemistry scheme has nou been used in industry for many 

replaced it. The apeciallzed training, for ei:; :ple, to operate an atomic ab^orp- 
nion c^pec '^i-opbotometci: is iiot: normally given to most freslimen .an J ^^.ph-j-^ora claEses 
at four-^ytr.ar schools. We will teach basic atomic absorption cechniqueD and the 
neceasary chemistry (solubilities^ Interf erencas, etc.) to supplGment it* The 
same basic qualit'^tive chemistry can be taught but its laboratory applications 
have been modetnlzad. Wa do not advocate teaching "jpeclallstB" on one instrument:, 
but ylau 10 expose uhe chemical technology student to as many ditferent methods 
as possible* 

Historically, organic cheinistry has been presented as a large and ur.related 
subdiscipllne of chemistry. Organic chemicals are used in the ChemTeC laboratory 
from the first day to danonstrate such abstract cQnceptis as equilibrium (ester 
exchange) by gas chromatography without treating them as something diiferant or 
sr cial, A working knowledge of nomenclature and structure are Introduced at the 
ai,;^ of the first semester along with the unique positioning of carbon in the 
Periodic Table* Later in the first year and after several basic infrared spectro- 
scopy experiments J the students are introduced to the functional groups in organic 
chemistry* This is accomplished by giving each student a sat of ten different polywaJ 
film samples to analyze by infrared* Physically the films all appear to be 
similar, but of course their infrared spectra are not. Thus, the somewhat 
difficult concept of functtional groups can be presented using a more interesting, 
yet practical, instrumental appraoch* 

Greater Flexibility in Lecture and Labor atory Schedules . The large 
block of integrated laboratory-lecture time In the GhamTeC schedule can be used 
from many remedial and extra-curricular activities as selected by the instructor. 
For eKample at Florissant Valley, we have 4 hours of lecture and 12 hours of 
laboratory scheduled per week (for 8 semester hours credit). 

Options might include j 



Guest Speaker? from industry can be brought In on laboratory t 
for specific topics, semlnara, to demonatrate certain types of 
analytical equipment, etc* 
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7, v'_^ic :^■^^>f^ o.^-' b^" to f:>iF= nf;ndentB a hattar imder stand-' 

iJi' c... the cheiai-cal Industry, (3.=ue benafits in that laduatry 
bf:^comDG morc; aware of this nm praressional=-type technician) . 

c. Aydlo- ViBual A ids on laboratory time such as the CheniStudy Series 
or'^'SlTaciality "Ctlms on NMR^ Mass Spectroscopy ? or ChemTeC pro- 
duct ions, yja havep for ^^^nniple. an elementary film on gas chroina- 
tography with a blank sound track which the Instructor htmBelf 
narrates « 

Remedial^ ^^th which could includa the slide rule can be diacussad 
in the laDoratory especially dealing with chmistry problems. 
EveTi with advanced mathematics cioutOB work, students soinetlmes have 
unit cancellation and translational problCTis in chCTiistry, 

Special Projects can be assigned to increase the students' Interest 
and self-reilance. Open house displaya and demonstrations are an 

BtvAentB seem to take great pride in their knowledge and ability 

to operate an inr ^riiment . 

f "^±mp. can be mnde avaalabie for both actual and simulated trouble-' 
shooting ftt>r>erlence on instruments and experimi^.nts. Older (indus-" 
triaTly donated) inotrumfciUkS can help serve this purpose because 

uhe student can be allu^^ed to diaaBseistalc them, 

g. Saf_e_ty can be practiced on labGratory tisie by actually taaching 
the students how to handle large comprasaed gas cylinders^ fire 
extinguishera, vacuum apparatus, breathing equipment 1 etc, Ch^TeC 
has devoted a complete volume primarily to safety and tOKiclty, 

Th^^Art of Sampling is taught althoygh it is sometimes completely 
omitted in convent ional cheftistry courses. It is very necessary 
to make a chemical tecLnician aware oS the importance of obtaining 
a representativa sample* 

i, Tli a Notebook ^ith good record keeping practices ±b taught ^fery 

early in the laboratory, howevar, not on the first day* We allow 
the students to go for a week writing on naper toweli, the floor 
etc, and then offer a free Handbook oi: ^mi stry and Thymlcm to 
any student knowing an import#nt yet perhapa ohncuTn past plecs of 
laboratory information • Another aspect of the notaboak the 
concept of "honesty"* Point out that llteratura v^ily-^s are not 
absolute and not to report anything other thm the tr eicpsrlmentaX 
findings * they may be correct, 

j. Laboratory work should be fleKlble enoi jh tc Include ^ocal Indaatrlal 
naedi. It la a difficult task to define ifhat a chttl^eal t^chnlclw 
doM primarily because thm chemical Industries theualy^tt an so 
varied* W# must therefore give our ChsmTaC ^raduatas a graeral 
chemistry background without specializing them« Hciwevers cert^ 
typas of chealstry cim be OTphasl^ad If iQcml Induatry doas apeciallza. 
For axawl^f a a^TeC progrsa In AkroQi OiiOp might aphasise rt^ber 
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and poLymiT chimlstry, while the Hcuston area might warrant motm 
additioiial petrocheffilcal spaelaH^attof*, Several of the pilot sehooLs , 
cf fer ai many as 16 eOTesteT^hours of tleetlvesi thusp a spiclallzatlonv 
In madtcal of environmental techfi" {y (for e^varrpla) could pursued: , 
ty taklBl different specialty ^ow. ...L4p but using Chb^iTeC n-^ ^he 
cuFticiilutt core* ^ 

5, Xaborat Qy ^crk Sh&uld Be "laal" * In thm convantlonal ehamiatiy latoratcry^l 
©any of thm -'unknewtts" cotc directly frcE the stockrooB, Howtvar* In Inditftry, th€ 
^^plfi that a chamleal tachnlcian recaivea are far ftoM balng reagmt g»de# Thua^ 
to ka€p latorat^iy axperlnants mere relevant for a chnlcal tsdinlelmi coMiiTelai 
prsduct^ a*e ua^d t? ttperlnental reagents. For ax^plel Iron in Gerltol tablets '%M 
lat 1^ butter afid oliOTargartna; Calci™ itearati In mp greais; CaAonyl coaqiounda 
in pea^brmdyi Nicotine In tobaccoi Basicity af an ratiacld tablat . - ^ 
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IfilWSTRI^ MACTIOK TO TOl CH ^EC TEXXS i 

^ - - ■ - - ■ III— - -.^ 

Robert Hofstader 

Is so Raaeardi and Engineering Ccspany I 
Llndeni New Jarsty , /v;| 

■ 2 

I m going to raaka my aomienti this mornlii| ralatlvaly brief to leave mora 
clm€ for disctJB^ton. 1 think this Is ttia kind of topla i^lch warrants dlscusalon "f^ 
£ar mora than Ic doss prsaentatlon of facts bacavae Aara aren't any fsets« Tbare 
mtB opliilom, I ^ solng to give you seme of loy oplnlsns this mornijig about cha 
ChenTeC frf^gr^mp about hoi^ the ChemTeC program ahould undertake the training of 
cicbnlciatte a*id tbout the job of the teehniclanp 

I think that before wa ean dlacusa AmTaCy currlculm, or anything that 
his to d^ witft chwlcal technology , wa must first arrive at a definition of the 
kind of fersofi i^t're talking about^ I'd like to start M±tii a atataaant of what I 
htllevi a cicluilQlan la not . 

t tiLle'^e a technician Is not a Jun Lur ehamlstt Ha Is a tachnlclani He Is 
part of a Cf^, Ha it part of a tarn ^Ich sol^ta problraa involving chmlcal 
CichsolDsy. iVt developed my oirn ralativaly csaprahaiislva daflnltlon of what a 
ehamiieil teeh^iletan I sea a chwlcaL ttehnlol4n as one who works irith a 

prDfeaslcnal Co dsVilop technolcgy and/or one i^ho carrlta out alraady dayel&ped 
t:icliaQi0gtes» tt ift can go back and look at our ttwi approacli to aolvlug pr^laaat 
%ri find th&t f^e 4om*t naad two pMpla ioin^ tha ssm thing on a taaa. Va c&m thiii 
pay that ptatmm$iowl ch^ist Is tralnad to davalop tiiaaa taotaologiai, to 
lAeoriiaf #i£plains to mdintnd» ud to be ails M f iva dlraetioaa aa to whmi) 
e3tp#rlsaM iu0t ha imm in order to fulfill tbasa tadiwiloilM nd to dwflap tbta. ^% 
thm ditei^al ctdhnlclm la tha ens panon who is availibla as part of tbii ttu to . 
earry du< tixmm dlrtetldms, to do tha Job, 'Ibis psrsm is a vaqr vital aan, nd « 
v^ty dtifftrinC taufcsv of tha taw fm ^a choiUlt. i 

Th« p7oblm af ttuy li^ustrial oi^aiilsatl^M in MldrMSlng thanaslvea to 
ehealeal technolo^ li Aat tfisy sas only ona part of this deflnltlm^ Soma will 
m^fm *% wnt cbis person to bs capabls of vorMmg a pwfasf lOMlr^ to 
h% ^hmtm w o^i ^f his paofls*'* Thm you*U find uothar grai^ af^ i^ 
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peDpli who will stresi tha second part of Che definition which I juet gave you * 
on© to carry out the alrsady developad technel ogles, -'All we nttd is a p^vsen who 
can rim a spiclflc test. All we n^ed la a parson who can tmmd a rsclpe a^^J fallow 
it*" Ntlther fits Int© what I believe m chOTtcsl ttehnlclan Is* But thsra is ont 
thing that both of these areas huva In comon - laboratory skllli. I don't think 
that wa can question the fact that a laboratory teehnlclan needs laboratgry skllli 
in whatever fmctlon he is performing* Jvst what kinds of skills are wt talking 
about? Jw about ray kind of labor atary sklU that you can mention a laboratory 
technician will needt He mmt also hav^ tht naoiasary knowledge to usa these 
skills iffictlvely if he is to hslp devslop m tsclmology. 

Ltt'S addrsis ourselvss to the currisulua which should fulfill both of thess 
needSi I think wi ihould look at what hai hmn happening hlstof iaally. The eurrl^ 
culufiii as yoy ptpple know much bstttr than I, hu yaried fron state to statei frQa 
iohool to i^hoDlt But it has had one thing In cos^n. It was a watered*down 
chisilstry curriculuiit For exraplei in a local aollege in the ar«a whert I live^ 
the same courses are given in chmlitry for tichnlcians as for thoee persons who 
are going on to btcra# chmlstSt Wiat ar« aom« irgtsitnta for this approach? 
Local achooli with ^loh I have workad ha^;e of ten argued "transferability." Thay 
don't want to havt students go through without the ability to trsfisfer easily. 
The second argwent which you will hear la that the student will need an apprecta^ 
tion for tha theoretical content.. Thli la probably true and thty might also say 
that thla type of an approach gives tht chTOical technlclOTs an ability to discuss 
chemiatry vlth a professional chamlst. 

Obviously I have some crlticims of theae approaehes% That is why I am 
talking to you todays ^at basiaally are my criticisms of ^hasi approachea as 
someone who looks at these people from m Industrial point of view? We ar©i in 
facts by thli approachi ^dueatiri^ junior chtmlstSg not tachfilctans , Let's go 
back for Just a n^ment to the definition 1 prsasnttdi tow well equipped is this 
person to do laboratory work for tht divalopmint of a tachnalogy? It is his job, 
I believe, to work In the laboratory and to bt able to do the work wall« Many of 
our prpfeisional chemists today are not the sme type of chemists we were fnlllar 
with even ten or fifteen years agot Professional ehsnlsts ooning out of collegei 
today aren't trained , In fact* for the diversity of laboratory operations ^Ich 
have to be doni. We no longer have the profeislonil chtnist ^o can use the 
laboratory skills nfeded for problem solutlona which hs Is able to develop it hla 
desk. He has very often spent more ysari than ive? before In schools working on 
a rather imall segment of a problem, and when hi Is mployedi he brings wl'^h him 
only thosi things necessary to solve that raall pert of the ptoblmt Ind^tryi 
on the qthsr hand, la very diversei and is beeomlng Mrs and more diverse # 

Let's take a typical example of how I sa^ a chemist and a ehmloal tschnlolen 
interacting through a typlQaldialogus on tht jQb« A professional aiisiiist might sayt 
''You nstd to pirform the following i^perlminCi^ I think the chMlst cm probably 
be esaumed to have understood the varlout problamo, such as the tqulllbrluma of 
%^at goes on In the expirlmant to be dmt. Qte Cdchnlclani who should be able to 
proptrly follow literally hundrsdi of frootduret$ might sa^i **0«|t«' 2^11 go Into 
the laboratory and set up the squlpasntp'^ Its probably knows snoi^h ibout the 
operating conditions gnd kinds of mativiali hi is using to l^i abXt to lit up the 
neQessary apparatus, takr samples « psrforA mtlystSi conparii proptrtlait do synthsiM 
and preparii propsr reports* 
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I very oft^n bring up a eomentary on the type of educitloa situation ws havs 
had. fhout four ytars ago, our company hired a group of 15 laboratory teehnicians 
tot Bxmm^v work frota the local schools, because thtsa peopls wstiCsd to gat on-the- : 
Job summit training* ^d we brought Iti these students and askid thm to work In thm 
laboratory along with the professionals. We tried to give thea a^posure to both S 
parts of the daflnltlon irtiich I gave you. At the end of the siffiraer we asked our 51 
people J the pTofassionalsi to rate these chemical teclmlcimns according to tht way ' 
they performed as technicians. We weren't trying to grade people on a school work, 4; 
context at all. We were trying to daelde» as Industry always dats in Its efforta 
to make a dollar p which of these people we wanted to hire ^ea they became avallabli[^i 
We got all of these ratings COTplled. The following year i^ea recrultlni tlma caa»;:|| 
aad we were going to look for laboratory technicians, i^e want to the local achoola 
and said that wt would like to see our five top-rated studentSi Well| to our gfeati^ 
dismay, tht top too of these five people had flunked out* Of the third the tostrueM 
said, "Well, she's a girl mi she wants to stop her education nm mo she might ba :M 
available for work." Ihm fourth one on the list hrt also dropped oyt. The fifth oiii 
had transf erred Co another school- a four-year school, ^d S(?i aftir the saaond ym^ 
of a Chemical Technology program, only one person out of these ttvm top'^rattd '^l 
technlciang was ava<lable» , r 

I don'e really feel so badly about the one who transferred beeauia ha wag Si 
probably in the vrrong cmrriculimi frOT the beginning* However, I do raaliy fe«il 
very badly about the three that were lost. They couldn^t ke#p up with the fhearattlSiii 
content that was being presented, and yet in the ©pinion of profiasional chMlata wh^ 
use chemical technleians, these were the top-rated people in thm t^up on a parforiM^ 
basis. 

What can b* done about this situation? ftie answer might bt to train techniol^ 
so that wh^n they go Into a laboratory, they would just use skills that are used In % 
the l/iborat >ry without any regard for understanding the basic frlaelplsi. If you ;Z| 
talk to Iw^u^trlal paeple today in a grQup, you would probably get motm responss M 
to this apprjach ^hm uny othsr you mlglit offer i However 1 1 think this is >^ 
frights ^^rtg. l yt industry Is not composnd of educators* We really don't taiow ' }^ 
ana are mt interested In education* We are Intarestsd in the praduots of aduMtioiS«^^^ 



V'ow the last five or six yeara we have seen psople c«liig oat of the two-*yaar 
orogramii who mm very often incapable, who have not gotten any basic skills and tfbo 'il 
^re isertainly ^■witered-down'' as far as thilr chmlstty goss. ¥ou might very well ;| 
say, "Well, let's take a cQroplste rav©ri«l. Let's train pseple Juse to fill test'-. ^ 
tubal. Just to weigh, just to pipet." Obvloualyp so far as I 'a concernsd, this is'' 41 
as frightining ag the other eKtrsms af training Jmlor chemists, , ; 

To sQme extfint, this mm who was trained just In laboratory ikills could tiwnM 
out a dsvelpped technology » but I don't think he would bs sble t© wtk as part of 
developBiant tew, I think thsrs is one tool whl§h h« is would not havs ans tint 
we really wiist, I don't think he would hivs enough undsfs£«dtiii flf diMlstry t^t 
coamimicatlon with these professional ehmlsts. He would havs taw sohotlsd in 
ths trade but he wieuld not have the undsritmdlng nscesssry to Jow what's io|«9 , .y, 
ont "y;'i?;V,i"v^'' 

Lst^s step bi€k s momsnt, Wi'vs talked sbtut ths tfs4it*iasl%p?Meh, 
talked about a brMd new spproach of the sfitfSM ^posits ,11^ ikft^ iklll»t> 
appreaeh. We figure thsrs srs psopls In industry pushlni f©f llt£i %mi pf sp9ros«^v 
and thsts are mch&oU for this, too, in ispi snsSf Se ws slight wfr ''Wh«t W 
guys doing In Induitry to train tsehntcilsw?" I thlt* that yw piopli teachiiigr^^fl 



chetBicsl taeliaologf In tlie achooLs deservt an mi\il let of wadlt^ Probably this 
Is the only car#sr-ori#!i«d fisld which has been pimmtmi by tducstlonp at least 
1ft ttdwiD logy tducatloB, tht two-yaar eollages becme ^Ktnordlnarlly popular, 

tbty wvld borrow from KCk a ^Maonabla curriculum for cltccronlcs aod build from 
Itt Thmy aovld go to IIH mi build a data proctsstag currlmlum* But chamlgtry, 
l#lltvt It or nots started In the scttooli. There Is no Indugtfflal rrjTOlzation 
ifhleh starred a ehralsal tachnlclan training prograifti p^^^^ueed paoplt to go 

©ttt ttd WQiek aottsifhert tls®, Hwz industrial ©^ralMtionB hav^ tbalr ©%m Intamal 
trainliii prograttt Hswevar, thaae programa katp vny ntsr to the apeclf Ic ladustry 
at that tlm at that placa, Ihtat are progrMs lAsra maay peopla bagln nav caratrs. 
Bathtr, they ara tralnad for m aptalflc Job, How doas Imditf try trala Ita lA 
taehnieins? Taks. for «jnpls, laboratoi^ tachslciias who stroll Into a gas chroma- 
tograpby lab for tha first tjtais, Thay'va nww mmmn a gaa Aroffiatagr^h, Tha way 
It would happan in our eompnyi md Vm sura tha way It would h^paa la nmy othar 
Induftrlal organisations s wuld be that thay wmld work wltt sonama In tha laborato^p 
probably with a chamlst* Hoiwwar, cheuLsts with a trmaadoys amount of skill, as I 
aald btforai ara baco^ng lass cowm md ara ratf ly not a^allabla. So vary oftan. It 
Is another laboratory ttdinclan who taachas the ntwccntr hov to fill a ^riagap how 
to milk% swi tha an tire saqila Is tajactad, how to nakt surt that Aa colums ara 
workings how to look at a base llnei how to calculmta a chrgaiatograph, ate* Ha 
laarns how to do all of thasa Alngs, ha davalofea Am sWU, ha laans how to use 

it. 

Thm If ha is raaaonably brlghtp he baconai eurlovs ^out what ha la doing md 
how ha Is doing it* As his curloalty bacaaas arous^ mi ^a asks quaat^.an?v ha leams 
what Is going on* But ha has first dona It md than ha hM laarnad abmz it* Xhls la 
kind of opposita to tha approach that Z sea in chtviatry courses* itos^. ^f tha timm 
tha teichars discuss thtory and then ttiay go tot© the labor ator las * ^toll , this 
probably doasn't turn out wall with tha good potential ttchnlclai^^ \ .^mMm thay 
p ably ha-ve feaaa so fright anad nf what thay are eoIm to do f rw wh^t fhay've 
le^^ned about It tiiat taiay nav^e. ^mt a chanca to ralaaTO lAat th^ ara doing* 

What is QiamTaC? a«TaC la a laboratory*prienta£ course f ot cbmia^ tadial-- 
elans. Zt gives Che stu^nCs chanca to perforn laboratory cparatloiis with an 
ttndarstandlng of basic principles* As I sta It, it will train the tachnlclan so 
hi will be able to fulfill either of tha two t^pas ©f Jobg wa talked about b&for£ 
Hs will be able to work with a prof assloaal to develop a tachnolo^l ha will hsvu 
learned eonunlcation. Ha irtll hava wdarstood %Aat ba is do^g^ On the othar 
handt ha will also ba a parson iAq Is awallabla to work out a ta^olo^ which la 
slraady dayaiopadp iiriilch la so treaandously neadad* 

Discussion 

Qtasatlons Tti^ progran of ovarspeclalisatlon nMds to ba eonaidarad. A good 
naapla is ©fiar^ by new two-year prograa in Ai^roMratal ialucaf lAat ahoitld 
ba Includad In such a prc^raa? 

AMHtiri Probafcly a oourae in savpllni analyala of the miti^^iit mi 
mdwatuding mviroMittt should be imludad in conM^tt^ with ,th* i^^ii^ ^sch- i 
noLdgy propraip baamae Oiara la Mthi^ in chwicA tacf^IoBr O^iie.vil^lMi ondar 
in^roiMnMl Iclmoa* It shouid hi obvious th^t a parsM nuafc l^w s^^ 
abofut tha chnlatry of the anvlrontat and nlcai fetchM^duas In ^ji^t to ba 
abU to aiipla it, A ihrM o? four-cradlt oouras •ana tim in ^s!si|^M year, ] 
tttphasisl^ Aata gMla is absolutaly banaficial* Vmmmr, fo w^ril^up a Hfc^yaar 



courae around It will be o^trimeDtal to a student* Suppoie thrae'-ysar programs 
had baen developed around otgmic synthesie a few yaars ago whan it was so very, 
very popular? In 1970 and 1971^ w% find out that synthetic, organic chemlitry is 
down at its all-time low. It would have been a lot better to have given them a 
truly baeic course and then ad'.^lssd thm to take a night-school course or SGmethlng 
in a special area, if this is what their problem is. 

One school has foimd its probltm to be with people or recruitmeat. They 
historically hAve bean abla to fill their biological technolocr program, which Ir 
a l^oratory technologyi with about 30 or so students and yet the chOTlcal technolo^ 
program has something from 4, 5, or 10 peopla that would ragiscert They are giving 
theje two prograss a comaan first year. During the second year^ studrats can branch 
out. The first year offers a laboratory-oriented chemistry course which will covtT ? 
tha equivalent of the first part of ChemTeC, Tha second year, they will alther be 
able to specializa in tha biological or the chemical technology* Based on statlatles 
we should get more in diemistry becauea the salaries are higher than in biology* 

Question: To provide a differint parspectlve, let us note that it might hm 
desirable for a keypunch operator to have some loiawledge of the co^uter program, 
but this is not required, TOe bailc responsibility lies with the person who wrota 
the prograin. ^Hhy can't chemists of the organlEatlon take full lesponsiblllty for 
training their technicians? 

Msweri The professional chemist hasn't been trained to do that. We might go 
back and criticize the whole graduate school program for training people \^o are 
not capable of doing this. We could say that tha professional chemist should have 
the total responsibility to produce a pair of hands to operate In the laboratory 
for him. In chemistry today, wa have an extraordinarily divarsifled field. The 
chamical technician has a whole caraar. He Is a whole person. He has a who Is job 
which must be done properly. If the chsaical technlclw sets up a chemical 
appartus incorrectly » I think the reaponslblllty is In his hmds. 

Unf ortunataly , it is becoolng very typical to have people coming from some 
unlvarsltles i^itJi Ph.D**s who have dcna nothing but look at MO. spectra for years. 
There are fewer and fmmt universities that are t^ing to offer a b^chelor'^ dagrae 
and a master's degree has become sort of a consolation prize for those who ean't 
make it all the way. The Ph.D, Is a raaaardi degree^ Tha faculty^ or rattiar the 
importanca of the facultyi Is judged by the ntmber of antrias tl-sy h/ive in publlca-' 
tlons. These are counted and tabulated and there should ba several If a parson 
wants to get tanure. This does give rlaa to a high degras of spa^j.allaatioK and 
the products which tha untvewities ara now produalug are ent'lrsly ItACBf^hlQ. at 
coming into a research organisation bacausa they don't loiow hpw to do a lot ^f. 
these exparlments theMslvas. One of the things that I do i^th naw Fh,D«*s Is 
put them with a senior eKparlancad technician so that they cw bigtn to learn how 
to do Bcmm of the things they need te know* And I d^-t praiwa that tha 
tachnlclM is m ^tra pair of bands for this brilliant Fh«D« chMttat. tt-a ' " 

almost the other way around. It will ba soma ti^a before the Fh«D« ahaMat Is j 
any use to me at all» and if ha dos8n*t learn some l^oratory taclttilquaa from 
this technician, ha will probably aayer be of ai^ use. ; v'^ 



Michael O'Nail 
Tennessee East^n Company 
K±ngsport» Tennessee 

We call a high school graduate a technician; we call a man yho is a graduate 
froffi a chmical tichii©logy a tectoician. That Is one of Che big probleas we have 
in Industry * we call people doing the same thing by different names. In our case, 
w# try to keep the technician 'e occupation filled witfi people with at least the 
equivalent of a two-year eollege degree. 

Our needs are aach that last year when we received the parsonnel requisition 
for chmlcal technicians to do research and developnentp 1 conpared It with the 
nuiibers of graduates at schools where we had been visiting and 1 found ^at our 
needs actually exceeded the number of graduating seniors. This gets more ccnpllcated 
lAxmik we notice that out of a class of ten we m^y actually be Interesttd in five. 
We*ll Invite them and hope that four will accept the invitation to visit our plant, 
When they get to the plant th^ are Interviewed md get a chance to miet our people. 
Wa may then make offeri to two of those that are acceptable and evwtu ally get one 
©f the original ten* Vhtn your location doesn't have a two-year college nearby » 
the needs are more aofl^llcabid. ^en we have to go out to achools and recruit. It 
costs money for us to viflt the schools and for students to visit the plant. We 
then reach the point where we thinks "Well* Is It better for us to try to develop 
our own program and produce our own technicians thmi to go out and try to get 
recruits?" 

The ChemTeC program Is already having an effect because it Is making Industry 
take a closer look at what kinds of technicians it has. I*m Just siying that we 
are taking a closer look and tryli^ to set down lome of the work Itras a technician 
should be able t© do. You really reach a point where you've got to have more trained 
qualified people that can do work of a broad nature and as a r<i^Jult we have broadened 
the elasslflcatlon of teghnlclans. Me have a teglnnlng Technician and then we go on 
up to a Senior Technician. A Serixr r Technician can get even more explicated assign^ 
ments than some QhemlitSt 

For a man to move from a teahnlclan position to the Christ's poeitlon^ he must 
have a B.S, degree in chs^stry. Maybe this isn't such a goad exmple, but when a 
man wants to go from his freshman year to his sanlor year In a aliigle step » you dem't 
allow him to nsake that move. If it is fair to draw that line in the aeadMilc 
Insiltutlonp It auet follow that jrou have to have a aeries of steps ill Industry to 
allow the people who havi titkm desire to advance to have a meaningful opportunity to 
do so. 

I*m surprlsid personally that students find their way Into tiie qtiemtcal techno* 
lo^ programs. There la no information available for moat potefifilal studmts e?Ecept 
through industry. We do&H see them ever getting any inf onset ion ^bbut the two^ 
year pr^$rams othtr thaa infonation that we give thra* I would aug^erit that you 
go aut to the schools and wQrk.^th the teasers, and ±t msf be turpi |i[£tig'^ ' 

Q.I Vtimt is the probabllll^ ol^ a^^^ 
technology working with a chmlcal engineer In a plmtt I always hMf atiout the 
IsiboratQry technician, itow about a production tectalelan? there i^iach Dpportun|!cy:, 
along this line? . r i . ' -"'v/;;-; 



A good deal of opportunity miBtB^ but to be In production work one is not 
restricttd to chimlcal englnierlng work. At the beginning levels, we need thm man 
who hai a knowledge of chemistry , knowledgg of vliat reactions take plaet by 
turning a particular valve leading to a nm line. Most of the time in industry, 
these people come up through the ranki and are promoted and use the chemistry they 
have learned on the Job, 

o,! Are chemists and chefflical englnteri coming to your company and seeking 
work as techniclani? 

1 personally feel that it Is not a good Idea to hire a perion for a Job for 
which he is over-qualified, Just as It Is not a good idea to hire him for a Job for' 
which he 1b not qualified. If a mm la over-quail fleds he la bored and urfiappy* 



DDnald Keyi/orth 
Tenneco Hydroc^rbr Chamlcals Division 
PaaauEiiiaj resets 

It is always stimulating for me to get with a group of people like this and / 
talk about subjects which I think are of mutual Interest. I*m going to try and 
discuss salaries I trainlngi promotions » job saclsf actions and the future for 
technicians very briefly, I will do it Initially from the point of view of my own 
company s which of course is the logical way to itart* I 

We have tc recognlie that just as there ars many different kinds of technlclaiM 
there are many different kinds of chemists, md there are just as many different 
policies with regard to Industrial employment of tediniclans. Our company has Its^j^^ 
own policies, I will cover them and then I will cover, in a broad sense, how I 
think they differ from other companies in our area« ' 

I suppose the biggest single factor in a discussion of this sort Is whether op 
not the company has a union for technicians* If the technicians belong to a unloii»'^|| 
we have a different world* (My comply Is a nQn-union, private company.) The wholsj 
ballgame Is dictated by the contractor who signs with the union. This may be used; 
where men have specified certain kinds of tralnlag. The company and union may not /^i 
agree upon many classes for tectailelans and define what they are to do and try to 
define qualifications. These contraats cm bacoM ve^» very sticky. Many tl^i 
opening will occur In the laboratory ani theti people in other areas of the plant;: 
will bid for this Job. Many who know nothing it all ' about th4 laboratory 'akd'vfl^ 
have no training in the litooratory will, if thty have the appropriate seMorlty^fg^ 
the Job, Whm we talk about this kind of a situation^ X don't know if wa un ai 
it very relevant in terms of what people at diversities and colleges are trylnil 
do In order to train people. It may ba that 50 p^rctat or aven^ore of ths 
cians employed are m^bers of unions # ^^.^'v■Cv^1p%^ 

/. . : ^ ■ ' -"^ - '"m^i;^^ 

However I wa will be concentrating today an the other grgup.r^ the otbftf.fl 
like my company » will hire a man based on int^rvie^ and t#£#ir^dftf ^ ; We Iniijtil 
he be a high school graduate^ We look at hlQ4^ hopes tHAt h^ tiid^t have; 8 
of college chemistry, I am always pleased if il\my- oMit/^U^ M^^-m 
Because people will be In training when they starts they will he on trial; for ' 
three months » and are Initially paid $677 - that, is $3.90 an hour. Aft<^r 
period of approxlmattly three monthSp they irlll be evaluated* , ; u-:^^'^ 




They are glvin a nisaber of asslgmients to do during the training psrlod. 
Th#y are shown whara all thm ample points ara In tha plant. Our company has 
the philosophy that the technlelms will learn how to do all of the analysss which 
support and control products which we nmke. 

I really should say that we have four major classifications of cechniclans ^ 
Control ta^niolms. Analytical tschniclanSy Rasaarch cechnicims, and Davslopment 
tachnicians- Raquiramants for these people are quite different, ^lalr duties 
frofn day to day are quite different^ But I like to get all my technicians from 
the Control Department* So 1 follow the applicants as they cMe into the Co.%trol 
Department, they are trained there but we share a lot of workp and it n^es it 
amch easier If they have gone through the training program of chls other group. 

After about three months » the new techniclar has been acquainted with all 
the sailing techniciras do in the plant. He picks up a total of 29 smiplas. He 
has a littla truckp or bicycle^ and the smplas are all picked up in abaut 45 
minutes. Host of them are being analyzed by 7^30 am. We're talking lAout shift 
work. For co^any a man may start on Friday on the day shift. He has four 
days off and then works five days through for seven days« He has four days off 
and then starts the whole thing over. A lot of people really don't lika shift 
work. A plant must run 24 hours a day and you can't shut it off on Saturdays and 
Sundays^ 

Our technicians imderstand that this is the kind of Job it is» and they 
understand the overtMe, too. They get a lot of overtime and they around for 
other people, cover each other for their vacations p help each other for training^ 
help each other for sickness » and cover each other for unusual eventSp some of 
which are part of the normal business operations. Unfortunateiy if the tachnlcian 
doesn't know what he*s doings he can get in a whole lot of troiAla just taking 
samples^ We're very caraful to show our tectmlcians how to sample safely. We 
have a variety of diificult simples to get. Sometii^s we have to allmb up towers 
200 feet high. After three months, the technician knows how to sample wall« He 
wst then learn the tests which we run in the test laboratory. This includes 
learning to run a mass spectrometer » a gas chrmatographp a camp utar Input « etc. 
He must put calculations in appropriate formats to get thm ready for the shift 
Supervisor. There cannot be my mistakes because the shift supervisor doesn't 
have time to catch all the mistakes. Thus, there is plenty of responsibility. 

If the new technioian has made it this far, he is no longer a i:ralnBe| he 
becomes an assistant technician wd gets a raise to $4«21 an hour^ He stays in 
this position for approKimately 8^11 months. If the man has been mploy^ for 11 
months and has not been recommended for the Job of TechnlciUp than aomabody has 
failed him, or somebody has not trained him properly, or we found aottabody diat 
was not qualified. He Is tested over this period of time by the shift auparvlsor 
and evaluated to see how he Is doliig. If he makes It (rad he should) ha gets 
promoted to the level of Technlclm* A Tedinlclan makes |804 par monthi or $4*54 
par hour. When we have ovartlmey It is offered to a man and ha i6 mfmct^ to 
accept It. A man can refuse it, but he must have a very good reason* 

One of our lab cmtrol supervladrs was promoted from fa^iile^w^ does 
not have a bachelor* a degree^ but nm$ ha la training tachnl^ttiaV l^^^i^ mai^ 
of our tactmlclans do not particularly wmt to be promoted to poaiitl6^^^ 
vision. If th^ want toy our taAnlclma ctt apply f or • a%^4li ^dp^t^^r In 
the plant. Soeia people do transfer In that way. niay tm j^BQ .^^m^t^ 
eth^t dapammta. Many of the eontral laboratory ta^tmlclWi* d^^n^t to 
work la ^ t^aaaarch laboratory Md I don't blaM tliM. My technic jlaita ^rk 
^t|iird« Thay hava a graat dMl of raaponalblllty and they do a lot of vf ry dirty. 



messy, hafd work. Thty don't have the mme continnlty In Jabi, In control work 
at least thty know, a year In advatica, whare thay are going to be. They know 
what work thay will be doing* They know vary definitaly the kinds of things thay 
must dOj the patterns thay must run throtigh in order for the rasponsibllity to 
bt completad* technielffii has job satisfaction, and ha knows that tha plant 

has to run and that ha is going to be doing Iti for his Job must be done. So 
he's got job sacurlty. His great satisfaction is in working with his hmAm and 
In doing things with his hands* Ha is very bright s He is not a rain who would 
have made it through college for four years, but coy id hive gotten through a 
two-year program, Wa want sofflebody irtio has attributes of working with hli hands 
and being able to repair things. We want somebody who cm really learn from his 
work* He will be doing a v«y important job* 

Q,i Wiat are the sources of ywr technicians? ^ - 

For my research laboratory, I don*t hsve any Interest at all in seniority « 
Tha main criterion, as far as I'm concerned^ is that the technician understrad 
what my Jab is. I already know if they're qualified or not md t want to be sure 
they understand what I'm going to ask them to do. If 1 could get three Fh^Djs 
for xs^ two technicians p I couldn't use them because they don't have the quality 
and the capabilities of doing ^at a technician does; they have other qualities 
and capabilltias that should be used. 

I find an Inverse correlation betwaan a good technician and long periods 
of time in school* If the parson hu really been In school for four years md 
really passed the four-year B*S* program, he will never nake a good technician. 
There are very few people who are good technicians who can survlva in the acadralc 
world, I'd like to get thm witii two years of education. If they can stick to 
it for two yaarst they've got a lot of grit md should m^e good techni^ims. 
There are faw Ph.D.'s who are good tachniciMa* thmy tend to be abstract thinkers 
and report writers, Thay do well with designing experlnents and calculations, 
rechniclans and Ph*D*'s compleBient aadi other beautifully . My technicians and 
my senior staff ccop^rsta* "ni^ couldn't operate without each other. 



COBflffillTS ON USE OF CHOlICiyL TlCTinCI^S 



Chairman I Richard Shreve 
Com Products Conpany 

A panel was conpasad of seven representatives from major companies and the 
following questions were used as guidelines i 

1. What are the needs of Industry for seml*pro£Mslonals and chmlcal 
technicians? 

2. What are the major shortcomings that you find in the college t^xtm at 
present 7 

3. Miat new r«^qulr»@%ts can the panel members sea for our futwe needs f^r 
chemical tectaislans? ' .M^^ 




In regard to Question !» one panel mwiber felt that piopl« of these l^pe» 
needed In researdi and development. He felt that a good fenerallst in dhmilBi^^^^ 



would be the result of this progmp but lult that there <^ould laao bt good gec|jiiri 
in cholstry from the B.A. program* 



Further questlcins were ask^ ud discussed i 



1. Doei industry netd a generalist? Is thsre room for generallsti? A 
spacialiit in ona field may not do a company much good. These can be 
mmi only in ipscialiged c^panies. Thty felt the ehcnical tiehnicitn 
program suggtstid by the Departmant of Health, Educatian and Welfare makts 
the chemical tschnleian look like the ehMieal engineers, which in some 
ways is good* Industry, in many instancas, Is looking for a technieian 
y^o is a gansrallstt 

2* Wiy do vt need a new course? In answer to this question^ panel ©rabers 
felt that general chtmist^ Qouraes would work and da vork Juat as will. 
Th#y wondered how the administration of junior eolltgta wight iml about 
starting new programs, 

3, How much in^-service training do cempaniia do? Bmm cowpantes have complete 
training programs as of now, that is, sn'-the*Job training* For sMispld, as 
Jabs of dlitlllatlon, crystallliatian, tto, arise, tralnlni is dons. 

Soma wondered if students would wonder, why stop with a two year training, why 
not go on for a degree? 

Primarily what the companies w«it are the following ? 

1* Employees who can handle some mathraatlcs, 

2* Soaiaone who has an appreeiatlon of meohaniftal equipment and care of such* 
Someone who will have a gerisral toowledge of the maintenancei of equipment, 

3. Employees who have had glass working not neoissarily glass blowing* 

In the technical education area the atolnistratlonf have baoked small enrollment 
courses. Both two- and four^year schools train highly technical persofmel to do sampl 
preparations and analyses to help the profesilonal mani 'fliise techniclanA are well 
paidi 

One problem im telling industry Just what the technlciens do. Industries' 
perspectives of technicians range from dishwashers to prepOTative experts. Industry 
wants people with some college, because they take less training, Indust^ wants 
manipulative skills, lab techniques, ability to hand record data properly, since 
lab books are ImportOTt for patent purposes. 

What Is industry willing to to in helping schoali start ohemleal technology 
prograaa? Schools have problsms of feerwltlng studsnti and offering thta graiits, 
part-tiiae and summer work, wd the schools need InetrunentSi Industify could possibly 
help by allowing schools to run sessions on the industfy Instttiamtsif Kelp could be 
used in the plaetn| of people upon ^TOpletlon of the progrMi* ^ 

Ways industry could help people after eoi^letioA of the program I 

1, Advance the person m the basis ef eHperlenee Md educettra. Perhaps, 
industry needs to re-evaluitte thelf sdvracesMnt pfQltairi^*^^^^^^^^^^^ 

a. Advance the person only on his ability, not en « senief itjF f 1^^^ Mvsnce 
the peram i^en Jobs are opetii making ad vane Ment iWdivldytti^^ 

3* Seed ted^nicims should seen et a salsry level that feiognisee tiieir 
edwetl^n and Mperlence- ; 

4« Son* <RdiiatrieB mvy nwd ciir*«f teehnieian** 'Cli«t Ui p*ipl« wlie want dr ;^ .- 
n«e4 CO icay as laboratory technicians. ^t-M 



SY»gOSIA ON THE ENVIRONlffiHT MP OTEmSTRY 
ill Xntroduatlon 

William T, Jtooneyp Jr., El Camlno College 
TQrraiictp California 

College chemistry programs for students majoring in the sciencis and relate*^ 
techno loglas have undergone considerable change in recant years* There has also 
been an increasing diversity in the content and organisation of college chemistry 
programs for non^science majors. The increasing interest in Inttr-diicipllnary 
courses and in the inter*disciplinary aspects of chemistry associattd with cliese 
changes appears to be related to the call for relevance in all aspects of 
college careers of contefflporaty studmts. 



The changes in the courses for science majors have been introduced primarily 
to meet certain needs of the chemist, biochemist, and chemical engineer but there ; 
has been an increasing proportion of students enrolled in college chemistry coursei/fi 
especially the twp*year colleiei, who look forward to careers In the biological or 1 
health science area or in an engineering or material science field. The proportion 4 
of students enrolled in college chemistry ogurses who are non*-sclence majors Is 
increasing, while the science major enrollmtnts stay approximately the same or 
decrease. One of the new inter-dlsclpilnary fields, envlroraaental science, has been . 
growing rapidly In recent years and Is seeking to entice qualified scisnttitSt ; 
engineers, and technicians with bact^rotrnds In the basic sciences and mathematics 
to devote their time and ener^ to areas concerned with the problems created by 
roan^s pollution of his environment. ;^ 



These developments have come at the same time that the content and organisation .4 
of college biolnglcal sclmces and englneerini courses* for majors In these fleldsi 
are undergoing considerabie change in terms of the requlrsmsnts for adiitiorial 
knowledge of chemical, physical and mathematical concepts and techniques t V; 

Students of the biological and engineering sciences who are required wo .k| 
chemistry search for the relevance of chemlsciy to their particular fields. Cont^-^ 3 
porary students in chemistry may actually enter industrial or rei#arch situations ^5 
where they are coneerned with the problems of water, atri soUi or qth^r forms qf > 
envlroTOiental pQliution* These problsms may be rslsted to the sourct of the poilul^l 
the transmission of the pollutTOts In the snvlronmtntj the IntSMction of thf paUtifl 
with an environmental unit, iuch as the human btlngi fche effegt of the pQllutanS iftii 
these environmental units ovsr s long psrlpd of tli^i or the pontrol qf the p0ilulii©|p 

Two year college chemistry faculty msmbers sfe concefftsd that th#lr »odern^^^^^^ |^ 
chemistry courses do not becoM stsrllip Ivory tQwer subjects, so abstract and 41^9^^^ 
from physical reality and so out of the msln strem of our eve ^dsy lives that th^'"^ 
have little relevsncs to the interests of most beglnntni rti«sMitiy studsnts. Thty ^ 
want to make chemistry rslev«it to the studim^t and sfUl shqw it^o b^^^^^ 

scholar^ sttsntlen for Its ©im sake. Thslr fosls ere tp in^ iptsri^iM 
students In chsalstryi to inerssss the stirfinfis' Qmf0tmmm in Amd%iT^ with the^ ^ 
abstract cmcspts of chealstfyr end to Inerssss the studtntfi^ libliil^ anal^si^ 
nstursl and tsdinologicsl syitOTS In tsrms ©f thslr d^srilifel - ''-■■t:^^'-m 



There Is, however, a shortsts ©f elesrly Idtntiflsd md €Vttllsbls wspiplss ^^^^ 
technoloilcally Importsnt ohsiKleil phsnoMmi thW lllustfst^ |hf ^eintwl BflnelpPl 
that are lavortant In modern ehsmlstfy, thmf% Is, sspeolslly, s Isck of kncmle 
of the cbsalesl sspscts 0^ fhe •nvir©niMntsl pollution firobl^tf £a£ed b^ pur c 




today. What is needed are examplei i^hlch are agpllcatlons of chem is try that are 
important In the world around us, especlaily in the environDientai pollution and 
control area, and which relate to the studOTt'S everyday experiencep aipecially 
thost aspects of environmental pollut^in ^^d its control that the student has 
contact with and can easily Idantit-. they must also be lllugt rat ions of the 
principles which he la studying. 

The appilcaticns-lllustration type of example needs to be identlfleds collected, 
and made availahle to teachexB of chaDistry, As appllcationE , they mmt be something 
new and novel and SKciting to the studfinc and which can be related to his everyday 
experience or to his future professional activity. As illustrations they must be 
very carefully related to specific concepts from the subject of concern to students 
thermodynamics, chemical aqullibrlim, solid state chstaistry, mechanisms of reactions, 
structuree and bonding, etc* 

Sjnsposla, such as those deailng with en . '^1 pollution, are organlssad to 
help chemlitry faculty in t ;^^y c?71ege^ - - .^imlll£r with new areab ojf concern^ 

In environmental polivclon^ systems arp::ur'. - environmental science and technology 
shows five phases to pollution prd^^uwr^. 

(1) The source and emission of the pollutant from the source into the environment. 

(2) The traiismission of the pollutant In the environment frOTi source to other 
environmental units. 

(3) The interaction of the pollutant with envlroraQental units on contact* 

(4) The long term effects, including magnification, of the interaction of the 
pollutant and environiaental units. 

(5) The control of environmental pollution through suitable measures taken during 
any one of the earlier four phases. 

There are significant chemical, as well as biolp|lcal and physical , aspects in each of 
the five phases mentioned above. This five phai^e approach to the study of environmental 
science and technology Is valid whether or nut one Is talking about water pollution, air 
pollution, soil pollution, or any other type of environmental pollution* 

1. What chemical concepts and techniques generally assoclateu with general 
chemlstryi analytical ch^istry and orgetile chemistry should a student have 
mowledge and connMid of to have a reason^le chance of success in a 
professional career in environmental science and tecteiology? 

2. What are some of the specific exa^les In the applications- ^ 'tTations 
sense of the use of or reliance upon theae concepts and tfti . in each 
of the £Lvm phases of the environmental pollution dUd co":'..i ii*J»d? 

3. What topics or techniques not generally assoctated with th%^m eouries should 
be added to Improve the student's background for work in this field or to 
better prepare him to understand the chemical nature of pollution md Its 
control? 

CTB€I5TRY OF WATER rOLLDTION 
Walter Chamot 

Probably the principle polluters of water are thest of us living ill urban 
areas. Who ioem the polluting and what goes into waste water? Industrjf and 
urban coismunltles are the primary polluters md the type of pollutMts arei 



1. Sewage » primarily huiMn " We do have sewer iyetms In cities and good 
treatment plants can reroove 85-901 of the organic matter. Less sophis- 
ticated plants r^ove 3 ' 60%s but at beet, 10% of hioaw waste Is still 
poured into rivers and straaffis* Some mwmv syatCTS are used to collect 
rain water and those that bypass the treatment on rainy days allow all 
human wastes to flow Into our rivers and icreans« 



2* Organic matter, 

3, Pathogenic organisms, % 

4* Phoaphateip primarily ficom laundry cawpoimds* /X 

5« Non-biodegradable detergents ^ but thlu has become less of a problm. f| 

6, Pesticides, such as WT^ because they are not biodegradable. "^1 

7« Food Industry wastes , but their contmlnants are essantlally organic matter*, ' 

Industry primarily pollutes waterways with susp#ii>ded and dissolved matter* {f 

One source of suspended matter Is the blast furnaces i which produce flue dust* In |i 

the reduatlon of Fe, oxygm is and the air then contains particles of flue \f 
and coal dust. The air Is wadied with water In an effort to prevent air pollution* 

The water then flows to our waterways* From the steel mlllSy we also find clayi i 
titanium dioxide, and other pollutMits. From the oil Indus try » we fl^ such 
petroleum products as phenols, etc*, as pollutants. 
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Dissolved matter is more difficult and more ^tpenslve to r^ove. Some types 

1* Acid from pickle llquori acids of sulfur oxides that are dissolved In 
the water, and seepage water throu^ coal mining areas, particularly in 
Pennsylvania* 

2« Chromates and similar substances i^lch are used In various chemical 
treating baths and are very obnoxious. 

3. Heavy metals, such as copper and brass mills In New England and mercury 
from electrolysing processes. 

Heat is another type of pollution. This particularly ewes from electrlcU^ a 
plants that have large quantities of heat to dissipate^ ^ ■■■^ , 

A natural contanlnant we have Is the raiowacer Itself. It causes soap and : ^ll^r. 
phosphates to ac^mylate in rivers and streams and will extraist taimiii and oth^^ ^ ^^^^^ 
organic matter from leaves. 



my do we object to these contaalnants? We object t<> suspfB^^.M 

primarily because it makes the water look polluted* Vb can r«!tjciv|^tj^li 

matter by processes of coatulatlon and/or sedimentation* . pbdfji^^ 

matter because it eoniwaes dissolved oiqrgeii. The aolubllijty Df,<?i^^ 

Is around 14*15 ppm. Fish need a minimum of S ppm and if the i#yel ^ts too 

we can asphyxiate fish. Orgattic matter la aiAjeqt to oxldAti|» igMP^iM^ 
oxygen In the^^-^"" --^^^ a: ^ - . ^ - . ^r;^->.^m;..?^- .^^^^^^ 

org^isnss will 



le water* If all the oir/gen lu the wttr is cd«^'iriiS^J%#jSl^ 
111 iliill T^qve Q^rgen from HS07^ NO'^V^^f^ JfJN^ 



gases, like NH3, H2S, CH4 and H4. We can remove the organic matter by biological 
deprivation, w f^rnnr^nr^^^mB digest the matter^ then we take these by coagulation 
and remove theni by sedimentation. 

Soluble inorganic mattar is the worst pollutant. We object to this since 
inost of is toxic to all types of llfe^ may impart color, odor or bad taste. 
The phosphates are nucriants Co algae. To rid the streama of thise, we use 
coagulation and sedimentation. If we cannot remove them by these raeanSt we use 
more sophisticated methcds Buch as absorption, electro lialysis , reverse osmosis, 
or ion exchange* These methods are more expensive and are not used if It can be 
avoided, 

A Sedimentation basin is used most oitcnU Water flows in at the bottoms 
rises through the center and flows radially in a circular basin, the water 

moves from the center to the edge, the suspended matter is suppoeed to settle. 
It is then moved by rakes and shoved to the section from which it can be aaslly 
removed. The remaining clear water flows into a nearby stream. With this method 
we are concerned with how fast the solids will settle as compared to how fast t^e 
water will move from the center to an outlet. There is a formula which telle ^x^' 
about the speed of settling of solid particles* As the formula Indicates* we nt 
solids to have a high density and large dimeter. Some compounds will not settle 
for days or even weeks* 

To promote the settling processes, we try to make small particles Into larger 
particles. Colloidal particles are negative and are normally surrounded by H2O or 
ions such as Na^ or on the first layer. On the second layer of the diffuse 
layer, there are more positive than negatively charged particles. These produce 
an electric field around the particles, which determine how much one particle 
repels other particles of the same type, NeKt to the surface, the electric field 
is high and as we move away from the surface, the field gets neutralized at the 
edge of the second layer* If there were no electric field, one particle could 
adhere to another particle by van der Waal's forces. An electric field causes 
high energy and van der Waal's forces require low energy. If one can remove 
the electric field, van der Waal's forces take over and particles would adhere to 
each other by these forces. 

We can measure the size of the particle by ics charge. This can be essentially 
measured with a microscope and a high voltage source. Using electrodes, the negative 
particles will move towrrd the positive electrods and the positive particles will 
iiiove Coward the negative electrodes. Coagulation takes place at the point where 
the charge on the particles Is essentially ^ero, the Isoelectric point. 

We can add a coagulant known as a catlonlc polyelectrolytei To coagulate 
colloids, we can add particles of high charge. For eKample, if we have Ka'^ 
surrounding a particle layer, replacing it with an ion or higher charge such as 
Ca"*^, Al++^, or Fe"*^ would cause coagulation to a greater extent. This works in 
ti. ^^v, but in practice the ions seem tp depsnd on van der Waal's forces to hold 

articles together and these forces are not that atrongi thus, the colloids 
f &j i apart. We have developed catlonlc polymers which have been polymarlEed to 
long chains and are very effective coagulants. These must be added until we hav€ 
about 10 ppm to be effective. As we increase tha quantity of cationi up to 10 p^, 
coagulation takes place ^ but beyond 100 ppm w© get redlaperslon, Wie nechanism Is 
having the catlonlc ends In polyediylwe amln© replace sots Na Ions in ths first 
layer, which should fozin a stable bond between the polymer md colloidal particle* 

Some anionic polymers are used, which contain acrylic acid and a cbromatt. 
Acrylic acid contains a carbonyl group and thus gives a negative chiirge to ths 
polymer. When using these we must also have Al'**^ or Fe'*'3 ag these do net affect 
the layer, but since they are negative they adhsre strongly to the mtmm layer* 
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A : u.' so[?n is <: i-ca i[:e'.' wolhod fin imi oAchangB resin,, v'hich i^: alno nr^'d 

remove- chromatics. We use uolystrene* vihicb has two carbons t a benEert? r-us with 
a double bond between. Wc polymerise it and end up ^^ith a polystyrer ^ ch ^ 



It is not always nnsB 1.G t:o u;.;o coagulatioii . Sc^ue! comp ^>mds nra dltiicult 
to precipltata, such as , For tlu ' we use reverse osmosiic, '^h1 s ^nexpen-- 

sivei buc we gat: vory low yields: In OLMiosis theia are two mGchanicirn po&?:ulatpJi 

V/g have distillation of basr . between pores of membranes and since the 
v^ip >r pres:- n:a of pure HyO is greater than the vapor pre^iSurG ol the 
saic sc^Jutiun, CO nd en sal \ naicec place* 

watet i i hy'a: anion. water hydrates on che pure surij^^ce ;ind ii- ave; 
■.vater of ' 'rat ion through the mcnbrane sj\6 j eaves ai. alt BOiu?;':.;. 

.-^n: expensiv/e pit-cjr. ., s v: J.h:ctrodialy.^is . Usxa;:: el ec t^.-'-dej;, .. Liie Cl 
lofiJ ;:he r?^ native elfs/Lrode and the U^T migr: -:e to the positive lee t rode* 

U.. Ing a n;.. . rane i^etween the cells i:hat is periiie^^hle Cl'", we can get the riegacive 

pV'" * te or: the surface. 



CHEHISTRY OF WATER POLLUTION 



Pevno Navnna^ Sure. nf Sanitai Englnaering 
Los Angeles 5 California 

Water is --^p the most 3^ undant ^nmponnds on the fac he e- -^h, and as 

such 5 mankind utilises it from one axtreme in its usafulnesf he o\ , On the 

otit^ haud^we loui. upon water for a saiej wholesome, pure supi or driuRing wat^r 
purposes J and than at the far end of the spectrum we use water lc asBlmilate and 
tran. .jurt the wastes of mankind. Ir between are, of course, a number of other 
benaflcial uses to which, water is put^ inuustria.l uses^ agriculture^ swimming, 
boating, aquaculture, ate. 

f -d like to Hi , cuss the two eKtremes that I mentioned. One of them, drinkin 
vater supply s and Lhe other one, utilization of water to transport and assimilate 
;asce. Most of us give little thcught to our water supply; we turn on the tap, 
-e drink the water ans e don-t give it a secc.id thought* However ^ there are a 
lot of agenc c.s that u.. give a great deal of thought to it. 

That G are a large uumhar of the common elements that we know about and many 
of them have low concan trat ion levels above which they are not permitted in the 
water supply* If they exceed the limit, then the water supply Is rejected for 
dom.astic purposes. For examplej we have arsenic at 0,05 mg per liter; barium at 
1 mg par liter , etc. V/han these substances gat int he water supply, there is 
really only one way that we can detect them and th: ; through the use of chemical 

We usually detact the presence of these elements by *a variety of chemical 
procedures. Frequently we will utilize colorimetric procedures. A nimber of 
instriMients can be used such as the emission spectrographt the atomic absorption 
spectrophotometer, and in some instances where the concinftratlons happen to be 
higher, the polarograph. If the Instrmentatlon that we have is not sensitive 
enough to pick up the concentration level j. we can concentrate the sample by using 
evaporation, ion exch ^,nge procedures or solvent. 
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Ot] i:he othor end of the waCe- u-^? spectrum is where people notice f:he effecKR 
of un:}MtiQn. Thny can sea it b/ looking at it and they can suunJ.l it. But: beforo 
tnnt point is reached, iiv.re art; a aumber of paraiueters ihat uhe laboratories, 
cheralsts and sngino^rs can niefisure to detect the pollution. You will r^^call 
problems prasanted several years ago by detergents entering our ground water 
supply. There was a time when the detergent level in certain areas rose to about 
five parts per million. If you had poured that water into a glass, you ^ ould 
have had a h'^ad oT f^jm not unlike a glass of beer. You could also detect it by 
noticing that th^ water was considerably off^cleav. The detergents at that time 
v/nre called ;rd detergenrf? - that is, they were non-biodegradable and bacteria 
would not; dcsL:%-.y ihe mgleculcn. The detergent molecule at that t^ ne had branched 
chains and bacteria could not decompose them, Thus^ the concentration of the 
J ^ ■-' ..,,,,.,^^^-1^^ ^[ ^,,,3 |=j y increased. In i hi? waste i;reatTnent plant 

±tBC:.i. Li.. v.u-i: ^ . .^ai D.:uu.LQriu iJ3C^.u^ ;^un l CO h'.. un !:i;"t^JUJ-OilB lq^^ to =lu ^ .^u^ , 

per mij lion ^reav moundy of 10 ^ ^ -.d in the sewage trea^ment 

...K'MV . Air would p ^.-jc up this £c.:.iii anr; it to uLu cui-uitrys ic;.- :iung wxth 

] ■ . ... _w v^^,e ^ t-Thr^" -^ ndnnt-^v rc^. ■ i.:^ed this p>"obleni, ^, - ay went to work 

oVviLhasized v har is callea a ^l^}'^ t d^-^tergant, one that is biodeg ■■ ^^dable and the 
^ L-.-i:axng qu;jl .i '' u Lh. pear ed * 

Another difticii- pollution projleni thac is with ub right now a.-e he chlorinated 
p ticides. They ^nitfcr the iter thronf:h normal usage as well as by ^v.ccident. The 
ptobleiii i.Vi that the pe&tic. ' Lhat gel into the water system ar =: b iodegr ...uable ^ 
DDT, lor :ample. They ^ec into the water supply, still as DDT, etc. Then we have 
algae v\A^^.. ;;^ick up and c:-ncentrate the pec. tlcide. Along comes a small fish and it 
eats the algae because this Is the food fur th^^ small fish, and there; is another 
concentration step. Along comes a larger fj^.h ai^d eats the smaller fish because 
tliat is its food supply nnother ccncentraMon step. Then bird or man eats the 
fisn. The peetlcidc^ is soluble ^nd is stored in the fattv tissue* froTn the fish to 
the man* Consequratly we are walking around with increasing mnounts of chlorinated 
hydrocarbons of the DDT type. An interesting outgrowth of some of this is the use of 
these pesticides on sheep, for exampies to kill the parf -ites. As a result, the DDT 
is absorbed through the skin into the fatty tissue or tw lanolin. The lanolin is 
used to make face creams, hair dressing and many other cosmetic praparatln= . , A 
concentration of one to eight parts per million of DDT has been found in i se 
products. So through these cycles, man receives the effects of all this pcllution* 

We can determine concent rjions of Jiese pesticides at ten parts per billion 
or even le^s by the use of the gas chromatograph# The time that It takes for a 
peak to appear is a characteristic that identifies the particular pesticide and the 
area under the peak givL-:.; the concentration of the pesticide, 

A third type of pollution can be sern disturb public. This is the 

discharge of organic wastes into our water systems or lakes 5 such as 

discharge from a sewage treatment plant* Here we ng with organic ma^ 

in the form of proteins, fats and carbohydrates* B. a and dissolved oxygt ^ 

(at a level of about eight parts per million) attack ttiese kinds of wastss. When 
this goes Weill carbon dioxide and water are produced and there is no real problem^ 
^ long as the organic lo^d decs not c::cscd the capacity of the s'^^eams that supply 
dissolved oxygen. Everything goe^ on very well and It usually follcwe the first 
o '-^r reactions of chemical kinetics. 

If the dissolved oxyg^^n, or the oxygen reserve of the systCTi, Is not sufflelenf 
to take care of the organic matter, we've got an antlraly different picture. Again 
we have bacteria acting upon the organic matter, but instead of and HjO being 
principle products we ma^ no t^ get H2S and methane. Now people will knew that 
iomething went wrong. If H2fi is around, the white paint on houses will iiidicate 
it if your nose doesn^t. 
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Finally^ Id > (H: -uss an ovitgrowtb of .'ai^ land or no J ion, and 

that is tho eutrophic /: i:ion as )ur water systems or lakes. Thit: ^)imnl:y rians 
"rertilising rho wate^•^ Thin is done by adding to thr. va:ir supply crt^anvc 
^.at:ter, nitrogen in the form of ni trater ■bosphates fto-n R^jwage dli riiprn^es ^ 

md micronurrientSs or trace elements 1 coni. intrations of ieiaS th/( ; on.j p^^ rt; 
p -r million. When the water supply getv thl^- an - f f thin:^ and there's a^p^' 
and a favorable temperaturG ^ there is a j^iiithlon i.icree^r ^i In the growth of a' © 
and it bloonis. Actually, it is cal^^d an algal blooin and X^m sure that soma of 
you have seen this on streariB or ponds. It is a glassys yellow green mat m the 
water. This begins a cycle in the water system that is eKtromely detrimental. 
If the algal bloom and the concent re t i on o f t:h e a 1 -^e is up in t h e m i 1 .1 i on s per 
liters then t;hey arc: ^^cncentrn t ■ • -iioug!! to acuta iJ cause a fish kill by clogging 
-ho n r ^ \ ^' 

Since all the ai i .e grows an blocms at the same ti: ;e. thciV rXbo die at the 

same time, I'^lien this bappcns^ the dennmpOL ,. iiion of the organic matL:er causes the 

dccr;K;:^ing ot t'-.. dir Ivad oicygeu '^.licu ib Jetr imental to the fish ^ Anaerobic 

condi.ci* s'lay i:aen a.LL'i.a mid you gat putri f ication and the hydrogen :.*ilfide odors 

c^^T^tain limits will produce turbidity in the water and will produce disagreeable 
tastes. The algae may contain oils that have a verv distinctive taste of their 
owiu Thian if your water supply is further ilorinsceds the comb iciat ion of the 
essential oi'u; from the algae and the chlorine pioduces chlorinated phenols 
which are even worse* They produce a medicinal taste in the water , which is very 
dibagre:"!ibls and very difficult tc .remove* 

I'rr .f^riiided ^ this point that pollution is not something that has been here 
Us 15 '-^ :0 a.: 40 y-ais. i ^nink wa can go :v -ck to the Good Book .•.iia read In 
Fxodus J J v^herp we have a description of an occurrence which says in affect that 
the waters of the rivers turned to blood, the fish dledj the waters stank and Lhe 
Egyptians could not drink of the water* I think we might as scientists say^ "Now 
this is explained by the algal bloom (with red algae, because we do have red algae 
a? ^1 as green)* The algal bloom d<^.creasad the dissolved oxygen In the streams 
the .eh were killed by low dissolved ixygen le%^eJs and clogging of the gills, 
and finally the putrif ication made the water completely unfit*'* So in early 
history 5 they too had prooiams of pollution. 

(oTmn en t 

Nathan Guts chaw . Rio Hondo Jmilor Crillege 
Whittierj, California 

Water pillution is indeed a ather timaly topic. I think we've had this 
e;:^phasized quite draiQatically with the recf-^iC pelican casulatias as a resuit oL 
DDT wastes beli ;^ acctsnulated , Cartalnly^ this type o " pollutlOT is a problan 
with which we must deal. Howevar, I think that any lamedy that we might suggast 
is going to have to he rather Judiciously applied* Recently 1 have noted that 
DDT la responsible for the malarial death rate in InQias tor example, being 
reduced from about three-quarf ^rs of a million per year to a relatively very low 
figure, ftui, some of our u.iais to a problem have cr^ited new probleas in 
their wake* 

I think the problem of environmsnt pollution is certainly una that must come 
to the^chemlets, sinee both the cauaee and my prospective remedies are chemiefil 
in naturt* We might very well couple this probl m with the population eKplosloti, 
When there are very few of us^ wa don*t ne^ to give nearly as much attention to 
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personal hoiAg-ekoGping as v;^ do when there are lots of people In the araa, I 
beiJ. .J/a a li , -r nin^bcv ■ = iu:^-a gourcep? of p-1iutlon are thi) -m that: ^ira very 



Air po:!l.ut^ 
chemistry in uh^i 



aiijMibii.;!; OF air .Ui^ 

(A 



Jerome. Thomas j Univerai' Oi^ 



:° can be divided into three patts. They are analytical, the 
atmosphere and combustion. 



ch<v.::iict. The 

lung ittltat Uro 
eonccntratio -iS 
The f ai^: f po:^ • 
of poMutmtm 
purification wni 
t^.^ most pot i 



ujltural chamlet warv 
Leal, p roiJ ^..usiOu vm: i.:t: 



:o iinow wh^^ ' Is responslblo for p 
.) kam wli^.- ii; responsible fc. '^y 
This type It Iniformation is difficult to obtain becausi? 
: very smali d sampling techniquas are complsK and dlf i: 
rpxttn after tnay gat int "Kg air is Important since ths 
: ' . ; ^ A i r rm ^ ^ n s t ^la d v state^^- There is natural self 

. is a phol:o--d3''namic paouo.Lysis uper4^c:u.Mi . ; ae uenEcate 
Qi the airborn carcinogens^ are in the atmosp are on airbo 



Th':^jf" M f a ax^.-^ctdn ^ la meeBur^d in -■^■^utes or bo'-r^. Thay 
siinj ightr however^ tr a intermediate u.aa end products are noi 
ef?^v:t v \ man knoxm* 



-re broken do 
known nor are 



3rMlt. 

amoun t 

^■-y rxnos , 
rn soG , 

their 



Combustion is tlie major source of pollution. Th^re are oth^ir man«mad€ sources 
such as petrolauni pi its^ pesticides Md ceinent plants^ r^s wall as some natural 
sources* Tnis paper wl il concentrate on three astiects of combust Ion ^ including 
the source, the c jmbustlon spectrum and proc fiee that occur Hiring combus^^lon# 

l^ere are two basic pollution i^ourceaj one being the st'*tionary reactor which 
may be either domestic he*itfer^ or in dust rial heaters and wobile sources- Mobile 
ucurcas may be gasolines dl€^3^:tl or tn^^^^ne driven vehicles. Stationary sources 
burn ir^-^ atmospheric , *^^8ure and ror^^ .. sources h vn at a pres^^vira of about 10 
atmospheres* Dom^^j , c stationary sources are gfineral;l> of the pre--mlK type where 
the air and fuel ara mixed before Xl^*^' ire ign'' The industrial itationary 

sourc<5 clah-^if^ ' as a diff^ on ' ^rr / ^ thf^^ ir and fuel combini^ n the 

flame for the lii tivfie* RegarciL^ ' ^: p;'* ^iil sgurceg burn fuoi to \ a 
m.:;4mym thermal yifc 

If w© eKOT^ c tne ::Dmbustion spectrin for a methane burn&is we find the 
equation is Cil^ ZO2 ^^2^ ^^^^2* Vtom this we car* calcalat?^ that the % by 
volume of ual necessary for stolchlr ^stric reaction is about %t\ thai, ve need 
ibout 91% a^r* Cc^mhustlon will occur In the range of 5 to 151 fuel. This range 

Called tae €3cpl. ;lve region ^^nd gives §ilf«'au§tAlnlng cDmbuatlon* If there 
is fm:\? ^han 15% fuel^ cpmbustion will not occur* Thii condition correspondi to 
floc Mng in a gaaolinr OTglne. If burnlni occurc bt*wten 9 and ISf fuel, this 

^11^?^ y -c *^ pollufan*'^ IfJc^ ^BThtm f?!Onoiftd# and ^o^^ ^^ay oc^ur* 
if coabuatien oecuri In m mctas of sir, It If the qynehlng gega-on f All of the 
air mu% %% heatud, the tampefature falls and oicygenated orguics art formedt 
Thase nm aldehydea that may undergo the aldol eon^anaatlan, pol7mniE@ and h% a 
poialblt sauree of eye Irrltatlgn, If we bu?n Ir'llmlted alr> the equation will 
b« CH4 4 1/a O2 CO ^ 2Ha- Soot reaulta only If the earbontdsrygen ratio is 
greater than one* The CK4 flames will go out under these omdltlans because It 
is out of the exploalve limit before this ratio la reaohedl thusi a methane flama 
is rather free of aoat. Larger hydroearbona can reaoh this ^^atio and still be 
in their ei^loaive limlt# 
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^ eoove graph 5 no::ice -a^^t thc^ maximum emper^urure 
tirxc ramo of air and Hn-^lcn rh^y- t-^i- ^t^nn^.^^h.- ^ j ^ 

the stoichiometric poin^ is the teinperature high ©nough to have 
-e .^itrogeri fixed frou^ the -^^^r. At higher pressur^^g there is a wi;:.:; 
ut- TOd air that will cause teinperatares high eno'igh for uitrogen to 
ro}u :m air. In old stationary burneis^ comhust. m usually occurrf^d 

^^o:.'-. ■ :;metriw poj^iit that the ^ ,;yraLure was not high euough 
rogen from the airi thuSs NO2 was not a pollution problaia. In New 
^ engineering is good enough that ^he burners will c arn near this ratio 
gn that nitrog&n dioxide will be formed. Now the black plTOfi of soot 
by a brown plume of NOp* This nitrugen dioxide can react with cerfRin 
ipoundfi to yield p -ayl ni^^ate, '#hich may ba responsible for 

3 damage and eye a irritation. 



ibile sources, the high pressures give high temperatures and large 
'^'^ oxides 01 trogen. Car^^ jurning on the rich aide of s toichioinetry 

yie • mnounts of carbon monoKi'^e. nlle turbines and dleaela burnln<^ on the 

lea de give little CO, but much sooi;. 

The process which occurs during cOTibustlon In Ivea the conrpleK organic 
fuela being broken dom into gaseous prj-;;^ry fuels which are free radicals. This 
step is endoth^rmic. Am the primary fuels recombine, there is an exothtmie 
reaction j and Jiis la the source of heat, 

any combustion reaction the j r -a four Important factors. They are time* 
temperature, turb lance, and OKygen, Enough time and trap^rature are needed to 
.reak down the complex fuels, then the oKygen as an o^cldlger must be pres^ it and 
goc:i n»i:xing is nee-led so the fuel and the oxygen get togstner* If any of these 
factors are wrong, pollution may occur . ^or instances, If time and te.,^0rpi;are 
are wrong, dlatlllatlon ct rubHmat:./n mav occur and produce pollution. A good 
genaral rule to control pollution Is to ksap the tmaperaturii high, use an excess 
of oxygen and keep good mlxlna* 

fflEbrsTKy OF air pollutict? 

Aibert Boei^tan, Alv Rasourate Uomtd 
Stat# of California 



Ilila prastntatlon ccntalns a number of polnta af vlsw about th€ un of 



chtmieal prlnQiplai In air poUut 
the ins tr wants thai wa uaa and i 
be ralatad to Qartaln aubjacta y 
roM. I will also Qoymt §m% ty^. 
chamleal principles tliat appl}% 



tliatlont I wish to dlaeuaa aoma of 
InatruMnts ara utlllsad ao thay aan 
ilfaady baan ta},klng about in tba §laaa« 
^.^obltM wa iiivaatlgata and tiim §m% of 
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One instrument ch t^ c i vrc is tlm atmic absorption spectrophotometer. 
Baulcailyf thi^t i<; a dc -^h i;:h.^T; uses a -^ted hollow cathode lamp of "he 
particular eleraant that m being aoughr It used primarily for df^ ?Tmining 
metallic elements in the atmoi:ph^^-re• A sampJe is collectedi treated aad then 
atomized into a flame. The holim/ caUhoda lamp is of the element you wish to 
determi ne for example ^ lead. It emits a light with a characteristic spec era 
and the lead in the ataralEed eolution abiorbe the light proportlonsl to the 
concentratlQn of the lead* 



The whole principle of s? pat s i. ion of compounds by gaa chromatography depends 
upon selective adsorption of thcr ^ jrapoundSi The selection, number and kinds of 
columnB to use In gas chrOTatographSj is usually related to ^at substance will 
adsorb and release the chemical compounds of Interest. Mso, in a gas chromato^ 

many cases the aaffnple Is Injected into the GC as a liquid and then it'p vaporized 
in the insttninent itself. 



In , -^-^lyzing at mo spheric amples for hydrocarbons , we must have some know' ledge 
of reactivity and atructure of the cosipoundj since the gas chromatograph is not a 
panacea and one or two overlapping peaks can occur. For exafi^lei you may find that 
a straight ch>:in hydrocarbou wj, ,i ^.WLae out at .as same place as a br^ched hydro^ 
carbon with one more or one less carbon atOT depending on the specific materials, 
the type of coltmn subBtrate, etc. So all of these things are factors that we take 
into consideration in our analysis of atmohsph lIc matarlala. 

Another instrument we use is the ultravlolet^-vlslble apectrophotometer. Here 
we are concerned with electronic transitions* We use it for identlf icatic of 
compounds during a spectral span* Thm other thing where a knowledge of stmdard 
chraical laboratory technlqueB might be vary useful is in the preparation of 
standard cu where you are investiga one particular known material which 

produces a colored coriplex. Then you can prepare a series of standards and make 
a standara curve, etc* 



Vf^: are concern^ with compleK formatic^n that could be related* to llgands. 
One he snalyaes in air pollution VT^ric lu for o%ldes of nitrogen in the atmos-^ 
phcvri*. There is a reagent called the Salt mm reagent and this Involves a color 
coB^le^i formation* Aldehydes are usually detsmlned colorimstrlcally In lie 
spectrophotometer. Ozone cm be determined colorimetrleally by its reactl^in with 
an idodide solutioi\. All of these things ar#= dona el^er In spectrophotometers 
or colorimeters 



The infrared spec tropho torn ter Is used for datermlnlnig carbon ttionoKlde In 
th? ^>tmosphere and In automoblla eidiausts* This is doas by nos^dliperpi*^ Infrared 
.0 simply select the appropriats v^^jvelsngth from previous knc«wl€dga# Arte 
J nBtrment simply measures the t iitk height of mm wsy@lsng£h» W# slso have an 
intereating and somewhat elahor»t*^ researdi proj act going on uslsg the Infrared 
speetrophotomtar and hera are InLerastad tn the idantlfl cation of / spr* 
reaction produatSp ate* 



Tliere are other Instrw^ts that cas u&md in air ffoUutloii ifork* but these 
are the four main ones. I am sura you iara wara that whenever an tntroli^t can 
ba usad in mm araai It avmtually finds a use lu other ums and td.t polXutim it 
no aKaaptlon. , ^ 



Soat of tha typei of probleM ^at wa invastigata and som of the typas of 
proeadtttfw that eanearn us ara t^^X^i^*%n^Qywtn%\miQ^ 
salts, paroxldm» sltrogao» iodida raa^ats and thiiisa tik^|4| 

tadittietana liwdia tha wrk la thla praa fiif.tar '$m^ l^tliili^'lj^i^^ So faS^x^^ 



as we knowj chere nn problem for e ducation of Rxr pollution tachnicians, 

^iis, we end up uBln-: eioctronlc tec .ic. r or aiecurical or mechanical people 

^Tho are intarested in air pollution. Then wa hav^ to teach them all tha chemistry 
and physics they have to know* 

The concept of the mole Is invol'/ed in pollution of one sort or another^ 
partlculariy In gas space pollution where people have to know how to go frOT moles 
to parts per mlllipn to micrograms to cubic meter. Dapen.-^ng on the nature of the 
material, various people are interested in expressing concaitrations In various 
ways* The technician has to know how to go back and forth comfortably from one to 
another* 

The concept of permeability ; nc; diffusion 5s important. We sample hydroGarbons 

very small molecule. If Saran^ Nylon or something of this nature if? usadj ^ul of 
th(? matc^rlal can leak outi therefore, perniaabillty and diffusion becone of ^ome 
importancti us* Atmospheric transport of pollutants in the outslJe or ambient 
atmosphere is to sotc extent a diffusion process^ To another md probably larger 
extent, it la actually a meteorological transport problem. But there is diffusion 
involved* 

We are concarned with kinetics^ pax vlcularly gas phase kinetics and gas phase 
reactions* Wiat goes on in the atmospbsre is a kinetic event. There is a lot going 
right now with atoospherlc modeling as people try to come up with a mathematlcai 
mad a that explains atmospheric reactions. There Is a lot of kinetics involved In 
ac^iDSpherlc modelSt There is a lot of ktnetlcB Involved In raactlvlty atudiea^ the 
sort of thing that I mentioned when I spoke about the Infrared ipectrophotometer. 
Hydrocarbons plus nitr! oxide give all sorts of lovely products* So klTietlcs is 
4 of considerable Importau.^e In the field of ^ir pollution, 

nre concerned t^rf^th molecular structura^ particularly the sige and shape of 
mol ulas* We find a lot of aerosol formatlGn and some of our work indlci^tes that 
it IS more the si^e and shape of )ihe molecule than t' c chem^Qal; functional group 
which affects aerosol formation md light scattering ' ^^lecular structure is 
Ini^clvad in r.^activity, particularly in terms of thoi^e leactants which produce eye 
irritation* It is generally conceded that olefins are more reactant than aromatics 
and aromatics are more reactant than paraffins. The Los Angelas Air Pollvtlon 
Control District Rule 68 recognlgeri this because they limit the amount of each 
aiaterial that can be put into the ^tmosphere- 

Wa are concerned with oxidation-reductions. The usual practice to analyze 
nitric oxide le to oKldise It to NO2 and determine that. We are concerned wit^^ 
this reaction since this is the primary photoch^lcal reaction in the attaqsphere. 
Pbotoiysli of NO2 under the action of the ultraviolet light will give you NO plus 
an oxygen atom. The 03^gen atomj presimably eambrlnlng with molecular ocygen, gives 
OEone. Oxygen atoffiSs of couree, can combine with a nuidjer of thlnss^ Ozone will 
then oxidise aay number of things that it contanirs. 

We are connffFTipH with haloids rt ^'^^^snie^ w^'-fis concerned tQ ^cine extent 
with free radicals. In writing a achai^ for what may happra to thm asaosphera arid 
trying to wrlta an atmospharlc modal, free radicals hava baan hypotlieilEad by a 
number of paopla* While this is ^^omawhat more thaoratical than iA at wa gat into 
In our orgsnlEatlons navarthaleen free radicals ara balievad to ba important in 
air pollution work. 

Bonding la Inportant^ of course. Wa da.il with Inorganic matarlals and l.^organlc 
particulatas. We deal with hydrocarbons md othar organlcs. Wa are conaarnad wiftli 
bonding trying to axplain the origin of cartaln oatarlals and trying to mplaln 



89 81 



their r-^actlons. Wc'ro concerned w:f ^-h elentr^jTLic siructure a? n bnsia for T^e-vc^l^^i lv 
and the fact that when you have something like NO where you havti odd and even. a^l'C-c- 
tronSj it is difficult to satisfy the octet rule and wr* the nice usual strucLU; 
with eight elertrons in the oufer shell. There Ttiay be o^ntial for bonding rh^t 
you do not hiivs otherwise* 

We are J of course, concerned with photochemistry. The entire Los An :/ 'ea smog 
problem is a photochemical problem and I repeat again, the pr:^mary reaction of 
photolysis of gives nitric OKide plus an oKygen at cm* 

I think this ties in rather nicely with the importance of ambient :;nviroii:./.o"''r. 
but 1 think students in a classroom are not aware of the influencE of light. VJ.^jh 
ph ^ tnchemical Bmn^ we have a very nice eKample of the fact that something In tUc 

happening in our test tubes* 

We ar a c on ce rn ed wi th t r j i en t effects in the atri^ i en t a t mo s p h e r e ^ s u c h p. j 
electrical discharges and automobile engines starring nt.ar an aerosol SMplir|.i Ii ^ 
These cause effects that can^t be related to auy other atmusph^^ric parameter like 
fVj^ prfi^p^pf^p of hy drn^^ ^rbo i'^^ or oTcrde.^ of nitrn?^pn. 

What ai^e some of the activities i hat air pollution agenc^ pursue? They run 
source spectra through many sourcrn^. srnokestacks , production piant Dj refineries , 
and test the emissions and the h -nts. Another activity is Mmplianca testing. 
By law, automobile emissions > ^ ow a certain level. We have a rather large 

vehicle emission testing lab autos to sea If they do comply* And in 

either of these, since you ar v wdth millions if not billions of dollarca, 

accurate sample is a necessity , ood laboratory technique Is eesentlal* The 

Air Pollution Control District In Ljs Angeles has the auhtority to shut down a 
plant which is pollutirig the atmosphere. We in the State of California have the 
authorlt}^ to reject automobiles which do not meet state standards ^ and therefore 1 
people must know that the results are arcurate. Frequently there are court 
appearances by the chemi^.ts and the technicians* 

Xhe ambient atmoisphere is contiiiually being monitored and sampled* We have 
the cu^stlon, "Xs the sample representative of the area that it is supposed to 
repr<^i:SCP f ?" There are roughly eight or ten. air monitoring stations in the I^s 
Ang^^e" Msln and their pooled results are supposed to represent the entire Los 
Angc t^f basin, Sc I think we can ask ourselves the same question there nhat wa 
asked in the chemistry^ laboratory^ -'Is the sample selected representative , :he 
entire populacion or all the material?'^ 

B'inally, an accivi^ty we pursu^^ is research and development* We have to know 
the answers for ^.975, 198^ and 1985 and we have to start discussing them now* 
Knowii*g the an swears for 1971 and 1972 la greats but even tu ally there is more to 
atmospheric management than knowing a year or two ahead. For people who are 
Interested in this type of work, pr tiencej meticulosity j and a wllllngneas to 
repeat analysfis are necessary* Thtao ''^ain are laboratory skills which peopl© 
r^vc s^t in col'-sge r'r ^Ise th^y j^.^=^c do not get them at all* 

Danlal Eldaliou, Fullarton Colliige 
Fullertoftj California 

1 think that air pollution is a topic that am certainly help Cfilner#ast student 
interest. When 1 talk to my students with respect to looking at the planatSs we 
notlc® that we are rare indeed to have this unique thin skin ©f atm©sph«e and that 
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wUhln linn lidcin oi a tmofoph^ire , ana n.i'rh is lif^-giving oxygen« We then a.np 

tc consider thnf. v;e r^-? operating In the lovj^rv regigna of this skin ^ maybe In the 
Mrst ten feeu of rh^ atmosphftre on the ^urfnoe of the earth* Then consider the 
cona/yquencss oi Bering abou-: bIk Vnxnums wj^uhuut a sufficient supply of oxygen* If 
stems? that this approach increases the interests of the students, I've tried usi 
this e^:ampie this yaar in a veiy elementary course! Our aerial garbage weighs about 
143 million tons a year (not including carbon dioxide) of the major pollutants that 
are listed by the Air Resources Bcairc in the Unived Statas* Triis can very eff actively 
be converted to other uiiits such as parts per million and milligrams per cubic meter 
or even to the moles of carbon monoKida that are emitted in the LA Basin. This 
comes to about 10,000 tony a day. 

Som^ the ^f^r^ = o-- li?>v^ h^ri ^^---.-r tMi^^r-^n t:^ ^'^"^ -^hi? 1:^^ ''vr' ':h5^v irBnt Vn knov? 
■;o.aQ . job oppor uuni ties in the fieicu Whaia is the tesL^^ng occurring? How 

■m ws ieairi f^iore about it? Soma of their reactions can effectively be used in a 
o.var ;r*ve" chemistry course. I think they can quite effectively j i .jstrate common 

^va found a tremandou^^ -sal th of materia^ th;.,d could be applied in the 



CIIEMICAL ASPECTS OF SOIL POLLUTION 

James KomviltuBy State Department of Public Health 

San Fr- r:±3co^ California 



Me all have ^ picture in our miwi of San Francisco* ^ believe it is one of 
the most beautiful ciiies in the world a-v:^ really Ic^^e it. However, there is another 
viw of San =■ ""ancl^rc ^'':nt yon d^n't bbb ■■ '^'^t^n. 1 mn mxr*^. yo'i h^ive read about 
San Francisco s solid waste disposal problem. No tour of Northern California would 
be complete wxt^hout taking a look at San Francisco Bay* We have done a lot cf 
sampling on different sites surrounding San Francisco Bay. At some sites, the only 
thing separating the Bay from the rubbish is a fence. The fence does a good job of 
keeping the rubbish out but it; Hoesn't do such a good job of keeping tja chemicals 
from leaking out into th^. ^ay. 

From a public healr: \/iewpointj we are very concerned about the dispoeal dikes 
which have contact t^ith bay waters because we know that these sites have many different 
things going into them such as pathogenic wastes from hospitals* So public health 1^ 
certainly concerned about these conditions* 

One of the conditions we are concerned about is the disposal of chemical wastes. 
Disposal of chemicals happens frequently In San Francisco Eny . While taking soma 
pictures, I came upon g.'ntleman unloading something from a truck* had a big 

rubb-^zr suit on and ^ >h .ihbar gloves on, so he was being cautious for some reason. 
The reason v^as that / . ; die material he was dumping was very toxic. A lot o- 
drainage cam out of t . uterial. This drainage ran Into a pond adjacent to San 
Francisco Bay. The Health iitpartinent Is very concerned about conditlcn^ like this, 
Fc r c:: amp 1 ^ , if in ^ ^ t /. or s gme u the i 4 eas on th at da ia s ho uld b re ak ^ w t w \ j 
h^ave a severe pollutant floating into San Francisco Bay* 

Another problem is the open refuse dlspoaal sites and thsie are scurces of air 

poliution for many reasona, They have odors and could have toKtc txm^B from the 

open burning of 2,^i,n ontainers or other containers. Some substances released art 
ve^ toxic to plants. 



Two or three years ago I was on ray way to Fresno to a conferfenc© ^ad mm an 
enormous tower of black smoke going up* I detrured about 40 miles out uf my way 
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becaus^. .f u-a.--; suspiciouK of what it might be and it tunv-t; out r.o be ao enormous 

. " , . . ^.-Anr .'^fi'i- -fn naUfof-nia which hav*' outlawed 

pile or oire::-; burningfi. meife! *-ti.i„ w/o u;,ujUj. m uuxaj, j^.i- .1 . ^ 

major burning damps Che. Air Pollution Control Districts in the San Franr-' .'^'^0 Bay 
Area and in the Los Anpo'er ' sa. 

Chemical waste has baen :.llowed to be dumped at uiany waste disposal sites. 
There arp many reaaons to be concerned about this. The operator whs mixes the 
material is exposed to extreme hazards. Truck drivers bringing in chemical wastes 
either do not know or will not tell you what they are dumping. 

Wa have another type of soil polltn;lon problem, pesticides. This is also a 
health problem. In many disposal sitea we find pegtlcide containers. Supposedly 
empliy contaj.niiiiJ ^j. t .iw .. axwt.j-.j 1 :■ ■ 

Tiie State Department of PuLlic Health, as a portion of our statewide planning 
r,tudv, gathered inforfflation from all types of industrial wastes and domestic wastes. 
One of the categories of waste was cheniical wastes. In 1967, something like 11.2 
million tons of chemical wastes were produced in the United States. Here in 
P^^^f^^^^^ „p have about 500.000 tons, not a very high percentage of the total. 

We wanted to put in perspective what the different types of waste are. First we 
have our municipal waBtes. These are froci hoaes and the stores. It weighs about 
50 5 pounds p«r csulta per day. Ther- we have the agricultural waste. That is y.B 
nounds per capita per day. Industrial wastes add up to about 3.9 pounds per capita 
per day. 

Because of the soil pollution aspect, we are particularly concemed about 
chemical wastes. Tafise chemical and petroleum induatries are concentrated in two 
counties in California, Contra Costa County and Lob Angeles Coimty. The amount 
of chemical waste in either of these two counties ia ten times higher than rr. any 
otheL county in the state. 

There are two gases that we are concerned about. One is carbon diostlde 
and tha other is methane. Methane gas presents one of the safety wcblems and 
hazards that must be considered in ■ e daslgn and operation of a Ian- fill. We 
are also conceTOed about carbon dioxide because of the potential of ^ncreaslni 
the mineral content of the iround water through cbemical reacttons. 

We do have the possibility of enriching soil with solid wastes. There is a 
demonstration compost in Johns' ■ City, Tennessee. Tiie potential of composts Is 
something that we do not want to overlook In our determining the proper methods 
of disposal. Composting has net Kad very much success in California. Primarily 
it ccmes down to an economical evaluation because composting is more expensive 
than the cost of land fill. However, I think many of our leaders, environmental 
engineers and people concemea about environment will reach the point where we 
decide to pay that little extra. Then, instead of causing pollution we can build 
a soil supplement. 

The composting plant starts with garbage and rubbish. It ii put through a 
merhaniciil treatment, ground and some sewage sludge Is added to it. All the 
sewage from Johnson City is mixed with it because sewage sludge has two things, 
nutrients (nitrogen) and moisture which is needed for ccjapostlng. The material Is 
th^n placed in piles seven feet wide and five feet high. A madiina turns the 
compost to keep it "going" because the bacteria must become aerated so that they 
keep working properly. They have a nimber of chemists and biologlsta doing research 
there, trying to determine exactly what is happening so that they can mekm a complete 
evaluat:i,on of the composting process, 
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9^01:^ _ OF SOIL FOLLUT ION 
To;a Dandl:::an, Durcsu of ^'^KstBs^ 
Cinairmatij Oh;io 

While soil pollution is poorly defined both practically and technlcallyj a 
workable definition Is "an unclean condition of earth that impairs or interferes 
with its nati ral use". Airs water, and soil pollution cannot be separated* Unnl-^an 
aoil will yield both air and water pollu*:ion* As an examplej the spreading of 
animal waste can rapidly become a source of both air and water pollution as well 
as soli pollution* Other eKamplea include despoiled strip mines s auto jimk yards ^ 
land contaminated with pesticides and a littered countryside* A natural pollution 

results from man's depositing unwanted waste in or on the soil* 

Solid waste ciaaagment is a mijor problOT in urban areas where the solid wsste 
product is abour one ton per parson per day. This figure is expected to dauble In 
about fifteen years* Other than personal wastes, there are dCTiolition waste^ 
agricultural waste and more sources* ^^^gardless of the source * water must be 

di spoiled cr. Xht -'^ .^na by incinera'j. > and conversion to gaS| whxch potentially 

air polli. Usually about 25% of, - solid beconies ash that roust be ramoved 

/ positing it in or n the land* About 
as composted, Inc In -ration is used tr 
* O/i goes into a land ^ U 

Tfli.e best way to Jlipoae of waste 
This is best defined as a method of d: 
nuisance or hazards to public health l 

it with a layer of earth at t1 *i conclusion: . 



?f total waste may be salvaged for rauas 
^ of abput 15% of waste and the remaindw 



3 with a sanitary land fill, 
on land without causing 
aie method employs principles 

ractical volutne and to cover 
:-cich.day or operation. 



If all land waste disposal would follow this method, pollution would be 
reduced to a mlniminQ, Few land fills oparata following these guldellnas and 
instead become open dumps, ^.ly about 5% of all land fills qualify as sanitary 
land fills. To qualify as a sanitary land fills the folle^^^ing criteria luus ^ e 
met: (1) no burning at the sitei (2) pa^ed rafuse must be cm^^ered dally i anc 
(3) no detection of surface or growid water pollution. 

Water pollution is certainly possible from Imd fills, but It Is not a nfices* 
sary byproduct. The following must be done to have groimd water degradatlari from 
land disposal ; (1) disposal site must be over* adjaeent to or on a water aquifer; 

(2) there must be movement of water into and through the (ill from percolation,! of 
precipitation and surface run off or froffi direct contact with ground water; htit 

(3) a lechate must be produced which is aapibla of entering tha surface. 

To obtain MKimum prote ^iJ^rn wt must ^cognl^e understand these conditions 
and be able to avoid or ptm^i cL^m from e^ci.jrrlng* This becomes very diffleult 
in matropolltan areas. Thsrk m % ^ my things that control lAiethe; a nitm may 
cause pollution* Guidelines mri availj^lt firoo eaveral sourcM irinieh ^aae thair 
suggestions on pdisible types af eontmlnaiitSt typea of eartlt matarlalsy and 
distance to the points where water will be used* 

Potential pollutants are llmlclMS« Certain pollutattts must bi kept otit of 
land flUSt oLhers i^at be detoxlfl^ before being plaaed In the land fills, 
Mother mpre gmer^ problem Is caused by th@ produeta of dea^^Mltlon mnd leaehf 
lag aftsr the waste's plMraeAt* niese produets mtm a fynmcion of the spaolfla 



fill^s physical nature d pJaconif^nf: . Problemfl can be dGtGGt:Gd h}' analyi>^s:S Bixch 
as B*0,D., alk:^l:!nity 5 biological anali^sis^ and gas products from aerobic or 
anerobic re Bp i rat loru 



iroblems cm bca ^ontrollrr^ bv correct placement of tha land fill 

ir Din- iTlca^v .'.ov^ \ - ••- ^ br?comes fp:eB.i:.e. . nature imst have 

Gordon Williams, Montorw Pftnlnsula College 
Mont ervy , Jnj Ifrrnla 

Criticism '/c^i? been directed to ■ ui: School about not teaching a specific course 
lEbsle^t ^'Pollution'', W-i have conLL'ided tha.t our position iJ that the sciences 
could r^^;ver polluti^:a in almast a subliniinal type of way and that w€ can sell that 



riav7 l:hc '-.imniar}^ of t'lfi ACS raport; froni thG Cr='\^oi ttea on 
Qiemlst^y mio ;'ublic Aff^ir^, the ;M.':'CorTnn:l ^tee^ oii Environmental Improvemea £ , It wa 
summarized in C ^ E News. The tc^po^'t covers k t onl^^ aolld pollution, but also air 
vollutlnr: .^ ■ pollution v.nd r;-:^£t...r:^ da poTlutaon. It iB probably well worth 
- ■■.-hp' • ■ S-r the llb^^^arv, 

chmicax. ^^ects _oy pollution md^qcia l intemction 

Philip Gustafsonj Argoim^ S^ationol Laboratory 
Argonne, Illinois 

As teehnolDgy has bean shipped to i' ierdeveloped countries , both sgrieulture 
and health technlquas have been Impfoved* However, people are still hungty. As 
techn^^logy has Increased in the United States ^ Americans have developed a hunger 
for more material things. When these are produced, a great deal of waste is also 
producsd* This waste becomes pollution. It takes a great deal of pewar to produce 
i ise material things. 

The growth rate in the nation as a whole about the same as in ths Chicago 
area* Tlie combined effect of immigration and Increased birth rates caui^^s ths 
population to double in 46 to 50 years # GBim tatton ?u-paaicy of slectrit ity has a 
doubling time of 8 to 10 years and the ainount or Mowei: available par parson has a 
doubling time of about twelve years » Power outp^L is increasing more rapidly than 
the population* In an expanding economy an increasn in pollution is unavoidable. 
Nature cannot absorb all of our pollution, Ir can clemt itself , but it 'lannot 
stand the present rate that society is during wa^tf ^ Into it. We nstd to enforce 
laws on books and ligglslate new ones as the need .u vr^-^s. Bettar still v% need to 
minlml^t processes which cause ura^arrant id pollutjorf howiVf^ri this must be dene 
without qauaing too wjA dlsruptiOT In society. -n ^Kmplm Is the building of 
nuclear pouered electric plants as CQTOonwealtb-^ 1 - -^'^ dldt C@ni*^watlon and 
litJ^.en groMps are generally ^tll liiformid about cl ^^-^^ralitiea q^- pollutlQni 
and their p iwer and knowledge must be respected by % c . r. . C -Vi ,:.awealth**Edieon 
has be»n ariti^iEgd for th^ir ma^or concrlbutlon of ^ usctu: ^ b the Chicago 

area and with th^ building of the nuclear po^tr plmt 4r# QritleliCiw C^r tht 

nuclear and th^rfflal pollution C'i:m fchta "alean pl^nt"« 

There are plana to use Lake Mtehlgan as a cooling sourc* for tit«tlc*l 
generatloM* i'he effect that tha htat ^^IIX havri ths l^V^ is trnk^wnt of course, 
but It Is being challeneed by cqnaain^atlaniflts. n^ose * ^ iiave studl«d ti^t problm 
at Argpimt feel that the lak© as a whalt can tudure the ht«t| but ladivldysl arcsii 
ma^ be dawgedt Many paraotterQ are appltaablei surh as sgriMltutAi dh^lcaXs 
and other forM of poUutrntg, and it will h% difficult t© attribute difflkge to warn 
water* 



Many of r 
and by naturri. 
help/ 
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All .ilcerriative is to put iuorator ium on tlip building oi: clect:r;lc piantf: 'A: 
can so;iety f^tanci thAs change? Th?\ rh^-^ ^^-nnTnent has tha cnpablJitv to absorb ^ 
certain amount of poliunlon safely :ind ficiently. It is our r cispnns iblixty 
learn what this limit is and »:li£in to live thin it^ and not shut down alh M^^i- .-'v 
or blatratjy add unlim:':^d te into the e nvironment. 

CHEHICAL ASPECTS OF THE POLLUTION - HIMAN INTERACTION 

Wheeler J. North, California Institute of Technology 
Pasadena, Californj.Ki 

Of all the physical, chem:^cal and biologicai klnr?R of poilution that we have 
managed to contrive, chemical poirutlon problems ire usually the hardfcar to comb.it 

An outstanding example is smog. Perhaps we do not ha'v . smog as bad ; people in 

Southern Californta. I undnrstand ther© have bee ^ iastances where ^'^1 deaths have 

occurred fxoTL it, but certainly it la b^^.d enough to cause severe ey.:' xrrllario and 
attacks us diract^y. 

Some.. cheralcal pollution requires an in. ediate agent b'^jfore it affacts 

as a result of fertiliEation of soil* The drainage has nitrate in it, it gets into 
drinking water^ and intestinal bacteria convert nitrate to nitrite which in turn 
reacts with the hemoglobin ir* the bloodstream and is injurious man* 

We cope with these forms of pollution and have various degrees of saccfcss. We 
are abte to recognize them rather early ^ because they attack us. However^ the more 
InBidious forms are those that attack our environment* Wc do not recognize 

these until we have suffered seriw/US economic loss or the anvironment has received 
irreparable d^..iage. Exaiiple^ already have been given of some of thaee insidious 
foras today* We hear about j;JT and how it la concentrating in many marine form^ , 
perhaps affecting the rotroductive cycle in many marine birds. Detergents we;r 
mentioned ear liar. 

The pesticides and the detergents are harmful substances * but perhaps we are 
just beginning to be aware of the most insidious of all substances* these are the 
substancis that are not harmful in the ordinary senie of the word* In fact, in 
proper amounts i they are required by the organisms that share this planet with 
uss I am involved in the research of such a situation and would like to make 
that the principle part of talk today and tell you a little bit abuut it. In 
this case the inaidious subitance is mrf vital to all these little creature^^„ 
They are amino acids and tha asiociat^ c-ganlL Mcids that occur in wastes such 
&B aewaget 

Our story carries us into th^ ocean, and 1 would lik^a to talk about a specific 
portion of the ocean* This Is the vaicy ;ch, off -shore kelp bads that occur in 
SorthMn Crlifornla. A kelp bed has broTO patches and floats thrDu|h use of little 
gas bladders* Kelp forms a foreat-llke ewlronment. It ie vmty much like a land 
forest and many animals are attracted t© It. Tt k produc tivity of tht vegttfitlon 
reedi many animala* Mf.ny o^h^r ^uimals s^ek ahi^lter in thm ^.t^iam formed by thi 
plants* Still otheri find a nlc# solid pUw te aittle* A Mild space is at a 
prelum In the ocean and an nverage kelp forest offwa fourteen timm as much solid 
surface for settling as the pcaan floor* Thusi fourteen tima as mmy antmia can 
be packed Into a given spacAt As a result, the k#lp beds era ^he wlches t areifs of 
our coast* Using it at Is tics from th^ nepaf^ent of Fish and Gaw, it hw been sh^if 
that they are worth about $3,000,000 a square wile tcf the luc^ cowmlty that they 
are ntar* They contribute much to the regional econOTy* There are roughly 100 
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square miles of kelp bed in Southern California, so this is $300^000^000 a yaar that 
Southern California recalves from being blessed with these submarine forests. 

Many animals eat kelp and occasionally we get an irAbalance )f a rather spiny 
creature called the sea urchin* It appears In huge nimbers* Armiefl of them congre- 
gate and thsy like kelp more than anything else. When they reach a kalp plmt, thay 
cluster in the lower portion^ taice a few biteSp destroy the anchorage a il the raaln 
part o€ the plant drifts away and is lost* So it Is a mr »er destriictlve fo™ of 
grazing, Hature has a way of connrollirig this upset in ' olince. There used to be 
an animal that ate sea ur chines in great quantity ee^ the oea otter. It looks a 
little like a panda bear, and OTong other things it eats great qaantlties of see 
urchitis * 

Southern Calif O'-nla us^rl to have tena of thouaanda of sea otters* Thay were 

Without this natural contr ^l, cae x^Tchir^ -111 imatroy e b^C and then mil tb^ 

other animal life* With :.^; ;hlng left to tmt^ the vrchlUN - to death and 

eventually the kelp coraas back. This is a cycle that lasts anywhere from five to 
twenty years* 

In Southern telifomia Bomm of the kelp beds near our largagt cities have 
disappeared corapldtGly* Ststlstlos for the San Diego area show that as the eewaga 
inereaaed, the kelp bed A^lndL^d, The part that disappeared fltst was the part 
that was nearest: t^ere the Bm^^.m came out of the Bay and the dieappearaiica spread 
northward, Lool:ing down at rhts btd, we found that the bed was being destroyed by 
sea urchins. Wt suspected th:u; they would die from starvation, but they didn-t. 
I^ey just persisted year after year. In the Jaboratory an urchin starves to death 
in an aquarim in about three months, The^e urdilos Juat perelst^^d In concentrations 
of 100 or 200 per square ffleter. Nothing could grow or settle there without bal^ 
eaten. 

The urchins are very efficient abgorbers of organic stAst^ceSg such as ^Ino 
acids, in racts the amino acids in sewage. We have unfortunately prevented ths 
staivation of the urchins by keeping alive the unwanted prmy of the predator. Th© 
end result is that we have injured ourielves economically by preventing thu return 
of the kelp beds. 

The remedy to this pt^oblrim is to use the chemical^ quicklime, which is very 
effective for killing the urchin. It Is good because It combines rapidly with 
Wd^i*2X and carbon dloKide form harmless calcium carbonate atid It Is not a toxic 
poison lasting for weeks or months i Ws spread a numbar of toi^ of qulekllffls all 
over the urchin populations » Wlfh the urd^lns gone^ the kelp raturns. A£tar a 
ia^ of several yearo, the abalonea, fiuh and the wonderful coim&tmlty that assoclatas 
with the kelp return and tha economic benefits became a%^^llable to hm anjoyad. 

Jerry Flook, Gavilan Collags 
Gllroyt tellfornl4 

1 dott-f^ think that w^ aan jtmt lecture two day^ « ymp^^ and say f me're 
going to talk ^out Mvlronmot^ poUutioa conditlms foi dis wya or 

the nmt tL: aa days or avec a wMk.*- tf wa ara to do dia Jcsbr m pw^niMkJ Mm 
going to have tp Incofporata pollution problws into tha prlnclplM^ mmt^iM 
thrmsghout tha limlstry progfM. Thata many aiecallfmt «x«ttpla4, %vaila|^la. 
Ife uan put prablaM In rar wMkly or dal^ pro^lan «haat# .^AAA j^eltila opi^OMltd 
pioblMia whl^ deal with e^ndltlons of ^a an^rmisient* 



MpariAanta which will ^haaisa pollutiokt rala^d activitiaa naad ^ 
4a^a].@plng« Ptojaaea of wrloya langtha oan b# fi^itfuUy ii«aiif ^'-ki 



DivlBlon til Ch€?mlcai tidynciniou 
1971 RostiT of Commltt^':!- Yimhcr^i 



Secretar^r. Robert Burharo, Ora^d View CollfegGp Dea HTincs, Ifi 50310 
Editor, k-nneth Chapman/ Ch^ftilfnil Technielap CurrJjiuJum Project:, Berkeley. Ca 9^720 
Weatert Sca_L(e-3| 

AHHSmiKGt iSibei K, * Lane Comunlty Collage, Eugene, Ue 94705 
BACKART, Rene E,^ Palooar Cullegt, San Marcoe, 

BIEVER, Keith J,, Bellevue CoMimlty noll^^s^, Beli^?%r^^, 98004 
BRYCE, a. Hajcbart, Seattl© Cencral Con^iiunlty Collcgo, Sf^attle, Wa 9t.:!.22 
QiAFMAH* Artell G. » llefcs Colla3<i, Rj&5cbiirg, Id 83440 
DECKER, J* im-ithp Phoenix College ^ PhoenlK^ 85013 
FOroi, Edward C.^, Qtmmn Rivar Coimuniey ColT^ge, Auburn, 98002 
HUBBS, Rjobert R, * De Mza Collegep Cupertino, Ca 95014 
LUNGStRDHj Riehard A, » American River Colleie^ Sacrasintn, Ca 95841 
Mi^CYj Eugane^ Central Oregon Cemualty Collagt, Rend, Or 97701 
rteWUlHIilE, Caapball H,, Caaper College, Camper, Wy 82601 
STISNER, Wanda, Cerrltog College^ Noiuaik^ Cs 90650 
WILLlAKSj ^Gordon H. , Monterey Peninsula C.>llj^&a, Horiterey^ Cm 93940 
WATT^ William H*, El Paso Comratmlty Colli^ge, Colorado 8^rings, Co 80903 
Snuthera States 

M.LIS(^, Harrlsoti, Marlon InetltuCep Marlon, Al 36756 

CHKEK, \Ulli.am E. . Central PiadiiOTit Conasuriity Collefe^ Charlotta, t^W^> 
DUNCAN, Hoyt D. , Eastern Ue^iihoma State (Joiiege, WiiDarton, uk /^j/ti 
Edgar/ Jaffles H.^ Navarro Janloi College, Corsicaoa^ 75130 
GRirFiN, Willians W. , Hinds Jiirtinr Collftge, Raymond, Ms 39154 
HU8A, William J., Middle Georgia College, Cochran, Ga 31014 
INSCHO, Paol, Hiwaasee College, Madlaonvllle, Tn 37354 
MILTOH, Nina, St, Petersburg Junior College^ St. Petersburg, Fl 33733 
MITCHELL, John^ Northeast Campus, TarrMt Coimty Jtmior College, Hurst, Tn 76053 
PONDER, Wade H., Clemaon Unlversityg Clm^on, BC 29631 
RINGBR, Robert, Chipola Junior Coilt^ges MHriauaSj Fl 3244G 
SINK* W*G, g Davidson Coynty Cc^^unity Cellegej Lexington, KG 27292 
STEARNS, Anne P., Columbus College, Colifflbus, Ga 31907 
WALTER, Bobby, Paris Junior College, Par^jj, Tx 75460 
tttdir intern S tat^ 

BLOU^j Alvin, Hess ton College, Hesston, Ks 67062 
CAiUWAY, Kathryn P., Genessee Coamiimity Coilegej Flint, Hi 48503 
CLOUSER, joseph L*, Wm Sainey Harper College, Palatine, 11 60067 
COOPER, mt on, Wright College, Oiiaago City College, thlcagOp II 60634 
WraiAU, Curtis A*, Vincennes University Jmilor Coliege, Vlneesaes, 1ft 47591 
EVINST^, Earl, Normsndale State Jynier College, Blo^ingten, Mr 55431 
FREYinLLiR, Herman , Madison Area Technical College^ Hadisoft, Wl 53703 
HAHilOHDS, Ceeil N., Penn galley Cmi^nlty College, Eansas City, Mo 64111 
HEIBER, Rudolph L. , mrmBc CoMtsilty Colli, ^e, Klrkwood, Mo 6?122 
HOFfHlNE, dharles, Lorain Comity Comimlty College, llyrla, Mo 4403S 
KO!CNIK, Louis y Metropolitan Cs^ii^, Cu^^ogs Cowimltv Coll^#, Cle^lTOc1» ^lo 44115 
LAUGmN, Ethel, Wssfcerm C^us, Cii^^oga Ccmualty ^ ^/ilege, faima, ^lo 44130 
O^LSAI^, Vineant, llsak Enwk College, MoUne, 11 61205 
TiAfAi^IHX, Catherine, Parklmid College, Oii^aign, II 61820 
laatgrn Statas 

iOTft, le^ard A., Fr^klta iMtituta of B^tom, Bosto&, Ma 02116 
BCny^A, Ifether, M^or Jimlor College, JmMMtmm^ Fa 19046 
SRIlDLOVi, C.H., RockHlle Cmpus, Montg^efy Gollaga, Eoeki^ll*, Hi 2G8S0 
BVlQim, JaM« L.i Corfting Goraimilty Collage, Coming, HT 14S30 
dUDPI, ^Ton W., Monroe Commlty doUsgej lodi^tar, ITf 14(t3 
SAJXAH, Q,, l^oda Island J tmlor Col\age, Ffovi4«TO«, Itl 0290S 

JlAHlSy Op^ John T^lar CoMiAlty CoU^Ay (master, Va 23$31 

KAILI/ Iraagatd F/, Ulatar C@«i£f Cmimmtty CeUmga, StOtte M^gei OT 124^4 ' V.::j::";:i^-' 

HOSmiS^ MoEge, HeireoG Hi^ S^ool, itstftomrilld. Ma 0216© J : ;] - 

B^imO, ^aul J,, Harfor4 Junior Collag*^ Bel Air* W 21014 .'■^:.;r^,:;:y 
SCtttttR, Carl* Jr- , tork College of :Peim«yiwiil«, Tork^ fm J.740S ' ^ . 
SWLtHO, Viflcent, iurllAgtoii C&mtf College, fm/bmtt<m^ W0ftO6» ^'-^^jmw^y^^ 
9^$XS. C^C, Kafstoiie JimlM t^UegH* U Fliiee^ ?* • ' 

ytSUiMip Bielito, Heir York City €€mmmi.tf CoXUi^t ttMttjPi '.It^llMi ' '{i.f'^^^mr^^^ 





